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AN EXPERIMENTAL STUDY OF THE ANASTOMOSIS OF 
ARTERIES TO THE CORONARY SINUS OF 
THE HEART OF THE DOG* 
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Efforts to improve the effectiveness of impaired coronary circulation 
in the presence of disease include: (A) A reduction of the work imposed 
upon the heart by the general lowering of metabolic requirements as 
effected by total thyroidectomy (15, 16, 20); (B) the ablation of coro- 
nary spasm and pain by appropriate nerve interruption (21-24, 48); 
(C) the excision of acute myocardial infarcts (36); (D) an improvement 
in the distribution of blood in the ischemic heart muscle by ligation of 
coronary veins (7, 13, 22-24, 26-30); and (E) the formation of new 
sources of vascular channels to the myocardium by the stimulation of 
adhesions between the heart and adjacent structures (1-6, 14, 25, 31, 
35-38, 42), or by the anastomosis of arteries to the venous system of 
the heart (8, 9, 40, 41, 43-45), with the hope that backward flow of 
blood through the veins and capillaries of the myocardium will occur. 
From the theoretical and physiological viewpoints, the last-named 
methods appear soundest. Regardless of the ultimate solution, it is to 
the great credit of Dr. Claude S. Beck (8, 9) that he has shown origi- 
nality and tenacity in the development of these methods. 

Because of the similarity of our studies to those of Beck (8, 9), of 
Stenstrom (43-45), and of others (33, 34), we shall attempt to be as 
brief as possible in this report. We shall not dwell upon the effects of 
coronary sinus ligation, which is a part of the procedure in some of the 
experiments in which anastomoses between an artery and the coronary 
sinus are performed. Ligation of the coronary sinus is not an entirely 
innocuous operation. It is true that the mortality rate is low, but 
hemorrhage and congestion occur in the outer third of the myocardium 
of the left ventricle and the local appearance is an alarming one. 


*This investigation was supported by a research grant from the National 
Heart Institute, United States Public Health Service. 


a 1 








2 T. N. P. JOHNS, M. C. SANFORD AND A. BLALOCK 


Arterialization of the coronary sinus was suggested by Pratt in 1898 
(39). The results of acute experiments in which the coronary sinus was 
perfused were reported by Roberts, Brown and Roberts in 1943 (40). 
As indicated previously, Beck and his associates were the first to study 
the problem intensively. 

Before considering the methods and results, it is advisable to point 
out that the hypothesis that tissues may be nourished effectively by 
the backward flow of blood through the capillary bed remains un- 
proved thus far. Recent evidence in favor of this possibility is the 
demonstration by Heimbecker (32) that capillary flow in the omentum 
of the rabbit is partially reversed under conditions of duress including 
that accompanying trauma. Most experiments have failed in which a 
major artery and vein have been transposed in an effort to reverse the 
circulation in the lung, kidney, mesentery and extremity. In the case 
of the myocardium of the heart there are certain reasons—including 
the relative absence of valves in cardiac veins—which lead one to hope 
that a reversal of blood flow in veins and capillaries is possible. It is to 
be admitted, however, that there are some peculiarities of the coronary 
circulation which are understood little better today than was the case 
almost two hundred years ago when Vieussens (47) saw the tiny sinus- 
oidal channels now called Thebesian (46). 

The possibility of the creation of a reversal of flow in the cardiac 
veins and capillaries receives theoretical support from a number of 
sources. For example, the embryo heart is for a time perfused through 
sponge-like sinusoids directly from the cavities of the heart (10, 12). 
In the rabbit embryo these primordial Thebesian channels compose 
the sole blood supply until at the end of the third week true coronary 
circulation begins. The channels ramify to the embryonal epicardium 
and in the adult persist in narrowed form as the sinusoids and com- 
municating channels of the deep venous system. 

That the heart may be nourished by venous blood is shown by the 
many cases of cyanotic heart disease in which life is sustained by 
arterial blood whose oxygen content is far below that of normal mixed 
venous blood. Double coronary artery occlusion compatible with life 
for extended periods has been observed in a number of instances 
(11, 12, 17, 33, 39). One explanation for survival in these cases has 
been a possible reversal of flow in the cardiac veins. The spontaneous 
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disappearance of angina in patients who concomitantly develop heart 
failure, as well as the few reported instances of recovery from ven- 
tricular fibrillation, have been explained by the reversal of flow in the 
cardiac veins as a result of increased pressure in the chambers of the 
right side of the heart. 


METHODS AND RESULTS 

The methods used in these experiments are similar to those that have 
been employed by Beck, by Stenstrom, and by others and will not be 
described in detail. Only the experiments in which a carotid artery or 
a pulmonary artery was anastomosed to the coronary sinus will be 
described; the use of other arteries such as the subclavian or internal 
mammary or the connection of the coronary sinus to the ventricle by 
means of an artificial tube usually resulted in thrombosis of the channel. 

In the majority of the experiments the proximal end of the left 
carotid artery was anastomosed to the terminal portion of the coronary 
sinus of the heart (Figs. 1-4). In some cases the coronary sinus was 
occluded between the point of the anastomosis and its entrance into 
the right auricle; in others it was not occluded or only partially oc- 
cluded. The results of these two types of experiments were quite 
different and will be described separately. A third type of experiment 
in which a pulmonary artery was anastomosed to the coronary sinus 
(occluded between the anastomosis and the right auricle) will be 
described briefly. 

Large dogs weighing from 10 to 20 kg. were used. Preanesthetic 
medication consisted of morphine and atropine. Ether administered 
through an endotracheal tube and by an automatic respirator was 
used as the anesthetic agent. The carotid artery was exposed through 
an incision in the neck and the coronary sinus through an incision in 
the right fifth intercostal space. When a pulmonary artery was used 
for the anastomosis the branch to the intermediate lobe of the right 
lung was divided and its proximal end anastomosed to the coronary 
sinus. 

After completion of the operation and the removal of constricting 
devices from the blood vessels, certain characteristic changes were 
observed in the heart and coronary sinus. As the arterial end of the 
occluded sinus fills with blood, it changes from a deep purple to a 
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bright red color. The distal portion of the sinus and its larger tribu- 
taries, although greatly distended and obviously lighter in color at 
scattered points, still contain, principally, dark venous blood. At the 
site of the mixing of arterial and venous blood, especially in end-to-end 
anastomoses, eddying streaks of arterial blood are seen swirling back 
into the venous bed. It is obvious here, at least, that the reversal of 





Fic. 1. Technique of carotid artery-coronary sinus anastomosis. The left 
carotid artery has been mobilized in the neck. It is brought down into the right 
side of the chest. 


blood flow in the coronary sinus has been effected by the anastomoses. 
In cases in which the terminal end of the sinus is not occluded, most 
of the arterial blood escapes into the right auricle. Aside from a further 
transient slowing of the heart, no disturbances of heart rate or rhythm 
were noted. The only operative deaths in this series in which the sinus 
was not occluded resulted from uncontrolled hemorrhage and not 
from any immediate effect of the anastomosis itself. 
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As early as four hours following ligation of the coronary sinus and 
the creation of an anastomosis the surface of the heart assumes a 
striking appearance. There is marked engorgement and distention of 
the entire coronary sinus bed. The surface distribution of this venous 
congestion includes the entire left ventricle adjacent to the anterior 





Fic. 2. Technique of carotid artery-coronary sinus anastomosis. A ligature has 





been placed around the coronary sinus as its central end. The carotid artery is 
prepared for anastomosis. 


age 


and posterior interventricular grooves. Throughout this area the surface 
of the heart presents a deep red-purple, mottled, hemorrhagic ap- 
pearance. The involved area comprises nearly 60% of the ventricles’ 
surface and is sharply demarcated from the adjacent portion of normal 
right ventricle anteriorly (Fig. 5). In addition to the engorgement of 
all the superficial veins, there were innumerable subepicardial hemor- 
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rhages. On section this hemorrhagic phenomenon is found to involve 
the outer third of the ventricular wall. The endocardial portion is 
unaffected grossly. In addition, the posterior third of the interventricu- 
lar septum is involved as well as a fringe of the anterior part of the 
septum. 





Fic. 3. Technique of carotid artery-coronary sinus anastomosis. The coronary 
sinus is occluded and an oblique opening made in its side. The anastomosis is made 


with everting mattress sutures 


Hearts of dogs in which terminal carotid-coronary sinus anastomoses 
have remained patent 41 to 124 days present a grey-white, mottled 
appearance with fibrosis of varying degrees in the subepicardial layers 
of the heart muscle (Fig. 6). The superficial vascular pattern is partly 
obscured by this tissue. Occasionally the pericardium is loosely ad- 
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herent to the epicardium, but this probably does not provide signifi- 
cant collateral blood supply. The degree of superficial fibrosis varies 
with the size of the anastomosis and the length of time it has been 
functioning. On cut section the fibrous deposit is limited to the outer 
layers of heart muscle. Between 10% and 25% of the thickness of the 
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Fic. 4. Technique of carotid artery-coronary sinus anastomosis. Completio1 
of anastomosis between the end of the carotid artery and the side of the coronary 
sinus. 


ventricular wall is involved and the remaining portion appears normal. 
The right ventricle and the auricles are not involved. 

In cases having large carotid-coronary sinus anastomoses for long 
periods of time a marked increase in the size of the coronary sinus 
occurs (Fig. 7). It is dilated to several times its normal diameter. There 
is an apparent increase in the number and size of its tributaries. The 
wall of the sinus becomes thick and hard by virtue of gross increase of 


connective tissue. One such animal showed, in addition to the coronary 
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sinus changes, organized thrombi propagated distally in many tribu- 
taries of the sinus while the sinus itself contained no thrombus. No 
such changes occurred in cases in which the anastomosis had become 
very small or thrombosed completely. 


Carell 
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Fic. 5. Typical beefy appearance of the surface of the left ventricle 48 hours 
after coronary sinus ligation and carotid-coronary sinus anastomosis. 


Three hundred operations were performed on 185 animals. Artificial 
shunts between the coronary sinus and various arteries were estab- 
blished in 122 instances (Table I). Since the shunts were performed in 
different ways the results in each group are tabulated separately. 
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In the first group (Table I1) anastomoses were made between the 


) proximal end of the divided carotid artery and the side of the coronary 
sinus. The sinus was not ligated. Nineteen anastomoses were at- 





Fic. 6. Carotid artery-coronary sinus anastomosis. Coronary sinus occluded. 
Dog died of distemper 130 days later. Anastomosis widely patent. Coronary sinus 
thick-walled and dilated. Marked fibrosis and scarring of wall of left ventricle. 


tempted and completed. Three dogs died following anastomoses and 
16 survived. These dogs were subsequently subjected to ligation of the 
main left coronary artery, a test that is probably too severe. All dogs 
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died within three minutes following the procedure. 


Autopsy revealed 
that 10 dogs had patent and six had thrombosed anastomoses. There 
was no evidence of venous congestion in any of these hearts except for 
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Fic. 7. Carotid artery-coronary sinus anastomosis. Coronary 


sinus ligated 
Main left coronary artery ligated 45 days later. 


Heart stopped in seven minutes 
\nastomosis patent. Coronary sinus dilated. 


TABLE I 
\rierialization of the Cardiac Veins in Dogs 


Methods employed in attempting to conduct arterial blood into veins of the heart 


\nastomoses performed 122 


Mammary artery to great cardiac vein 


— 


Subclavian artery to coronary sinus 
Left ventricle to coronary sinus 


Carotid artery to coronary sinus 


mm uw w 


— OO 
ane 
~ 


Pulmonary artery to coronary sinus 


one dog in which the coronary sinus had become occluded just central 
to the anastomisis. In this case an autopsy performed 44 days after 
operation revealed scarring and organization of the old hemorrhagic 
process in the outer layers of the myocardium. Although the mortality 
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was low and the incidence of patency high in this group of anastomoses, 
the degree of coronary sinus perfusion was inadequate to protect the 
animals from acute occlusion of the main left coronary artery. 

In a second group of animals an attempt was made to create a greater 
backflow through the sinus by producing a partial occlusion of the 
terminal end of the sinus following an anastomosis similar to the above. 
Ten anastomoses were performed. Immediately afterwards ligation of 
the anterior descending coronary artery was carried out through a left 
thoracotomy. This combined procedure resulted in a high mortality— 
with eight postoperative deaths. In this group seven anastomoses 


TABLE II 


Ateriovenous Anastomosis: Carotid Artery to Coronary Sinus 
Sinus not Occluded 





19 














were found to be functionally patent and one thrombosed. Of the two 
surviving animals, one proved to have a thrombosed anastomosis; 
in both a myocardial infarct was found at the typical location at 
autopsy. 

The third group (Table III) consisted of experiments on 29 animals 
in which anastomosis and complete occlusion of the terminal end of the 
coronary sinus were carried out simultaneously. Coronary artery liga- 
tion was done as a subsequent procedure in the second or third week in 
the surviving animals. In 28 animals anastomoses were successfully 
completed. Sixteen of these died within 72 hours of intense myocardial 
venous engorgement and hemorrhage. The incidence of patency in 
this group of early deaths was 15. In the 12 surviving animals nine 
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were subjected to coronary artery ligation. In eight the main left 
coronary artery was ligated and these animals died immediately in 
ventricular fibrillation. All anastomoses were thrombosed and there 
was little evidence of coronary sinus perfusion. In one of these the 
left anterior descending artery was ligated and this animal survived 
without an infarct. 

In a fourth group (Table IV) preliminary ligation of the coronary 
sinus was carried out 10 to 14 days before carotid-coronary sinus 
anastomosis. Twenty-eight anastomoses were successfully completed 
out of 33 attempted. Seven animals died, four with patent and three 


TABLE Il 
Arteriovenous Anastomosis: Carotid Artery to Coronary Sinus 
Simultaneous Occlusion of Sinus 





Anastomosis completed 28 
Operative survivals 
Operative deaths 

17 





Died (anastomosis thrombosed) 
Anterior descending coronary artery ligated 
Survived (no infarct anastomosis patent) 











with thrombosed anastomoses. Twenty-one animals survived and 18 
were subjected to ligation of the anterior descending coronary artery. 
Eleven died; in seven the anastomoses were thrombosed and in four 
they were patent. Of the seven with thrombosed anastomoses five 
died of acute ventricular fibrillation or subsequent myocardial in- 
farction. Two died of unrelated causes without gross infarct. Seven 
animals survived, six with thrombosed anastomoses and one with a 
patent anastomosis. One animal with a thrombosed anastomosis as 
well as the dog with the patent anastomosis did not develop an infarct. 

In the last group (Table V) 22 anastomoses were attempted between 
a branch of the pulmonary artery and the coronary sinus. The coronary 





TABLE IV 


Arteriovenous Anastomosis: Carotid Artery to Coronary Sinus 
Preliminary Occlusion of Sinus 





Anastomosis completed....................... 28 
Operative survivals 
Operative deaths. 

Anastomosis patent... . 
Survived . 
ee... 

Anastomosis thrombosed 
Survived 





Anterior descending coronary artery ligated 


Survived without infarct 
Anastomosis patent 
Anastomosis thrombosed 

Survived with infarct 
Anastomosis patent 
Anastomosis thrombosed 





Anastomosis patent 
Anastomosis thrombosed 








TABLE V 


Arteriovenous Anastomosis: Pulmonary Artery to Coronary Sinus 
Preliminary Occlusion of Sinus 





Anastomosis completed 16 
Operative survivals 
Operative deaths 

Anastomosis patent 
Survived 





Anterior descending coronary artery ligated 


Survived without infarct 
Anastomosis patent 
Anastomosis thrombosed 

Survived with infarct 
Anastomosis patent 
Anastomosis thrombosed 

Died (with infarct) 
Anastomosis patent 
Anastomosis thrombosed 
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sinus was ligated as a preliminary measure and in 16 of these cases 
the anastomosis was completed successfully. There were nine survivals 
and seven deaths. In the latter, four anastomoses were patent and three 
thrombosed. The nine surviving animals were subjected to ligation of 
the anterior descending coronary artery. Five survived and four died. 
Of the four which died all developed infarcts and there was thrombosis 
in three and patency in one. Of the five surviving animals the anasto- 
mosis was thrombosed in four and patent in one. There was no infarct 
in one of the three animals with a thrombosed anastomosis or in the 
animal with the patent anastomosis. In this group observations im- 
mediately following anastomosis showed no visible backflow in the 
coronary sinus. Since the pressure in the occluded sinus is high, it is 
doubtful if any perfusion of the sinus bed was obtained. 


DISCUSSION 


The technical difficulties of performing an anastomosis between an 
artery (systemic or pulmonary) and the coronary sinus of the heart 
are great but can be mastered with practice. The operation will con- 
tinue to be a difficult and dangerous one in the normal animal as well 
as the sick patient. More important, however, than the technical prob- 
lem is the ultimate fate of the anastomosis and its ability to supply 
blood to the myocardium. The results of our experiments are in agree- 
ment with those of Stenstrom and of others in showing that an arterial 
anastomosis to the sinus which has been occluded at its ostium results 
in damage to the superficial part of the muscle of the left ventricle. 
The mortality is high and the anastomosis is later found to be occluded 
in many of the animals which survive. On the other hand, the mortality 
is lower and the percentage of long-time patent anastomoses is higher 
if the union is made to a coronary sinus which is not ligated. Unfor- 
tunately, however, this procedure probably results in little if any back- 
ward flow in the veins of the heart since most of the diverted blood 
empties into the right auricle through the coronary sinus. In other 
words, the creation of an anastomosis between a systemic artery and 
the ligated coronary sinus results usually in death of the animal or 
thrombosis of the anastomosis while such an anastomosis to the patent 
coronary sinus is more often followed by survival and an open anasto- 
mosis but probably with little or no back-flow of blood into the coro- 
nary venous system. Similar findings by Stenstrom (43-45) have led 
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him to study the effects of an arterial anastomosis to the sinus which 
is partially occluded just proximal to its entrance into the right auricle. 
Our experience indicates that it will be difficult to gauge the occlusion 
so that the proper degree of backward perfusion of the venous system 
will occur and yet that too great venous engorgement and thrombosis 
will not take place. 

Granting that one is able to combine an anastomosis with complete 
or partial occlusion of the coronary sinus in such manner that a back- 
ward flow of blood in the veins will take place, the question remains 
unanswered as to whether a backward flow of blood in the capillaries 
which will nourish the myocardium will occur. Despite the theoretical 
possibility of true capillary back-flow in the myocardium, the striking 
changes in the hearts in these experiments are in the superficial heart 
muscle and never extend into the important deeper layers. Following the 
anastomoses in which the sinus orifice was occluded arterial blood was 
seen entering the coronary sinus and red streaks could be noted even 
in the central portions of the posterior and great cardiac veins. The 
visible backflow ended here. In hearts examined a few hours to days 
following anastomoses, innumerable collateral veins were seen on the 
epicardial surface of the heart. These veins were obviously accom- 
modating at least partially the great coronary sinus load and were 
probably draining most of the carotid arterial blood from the sinus bed 
straight back into the right side of the heart. The collateral channels 
quickly opened up over the ventricular surfaces. With their ready pres- 
sure differential and continued function the conclusion is inescapable 
that most of the augmented sinus blood seeks this escape from the 
coronary tree at the expense of the capillary bed. The remaining sinus 
blood accounts for the hemorrhagic phenomena of the outer ventricular 
wall. Finally, perhaps a small excess of sinus blood may truly approach 
the capillary bed or even enter it and drain off through the deep venous 
channels. 

In some of the experiments in which the pulmonary artery was 
anastomosed to the ligated coronary sinus, a backward flow of blood 
in the pulmonary artery was observed. The lung was, in fact, receiving 
coronary sinus blood instead of vice versa. That 3 out of 5 such anasto- 
moses remained patent, despite visibly sluggish flow across the suture 
line, is not easily explicable. 

The various experiments present inconclusive evidence regarding 
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the alleged benefits of arterialization of the coronary sinus. While 
arterialization of the coronary sinus was attained—though with high 
mortality—as far as temporary patency of the anastomosis was con- 
cerned, long-term results were generally unsatisfactory. In the nine 
animals whose anastomoses remained open for long periods, ligation 
of the anterior descending coronary artery resulted in death in three 
and infarction in three. Three survived without infarction as proved 
at autopsy. Also surviving coronary artery ligation without gross 
infarcts were two animals whose anastomoses were found to be throm- 
bosed. Two additional dogs with thrombosed anastomoses survived 
with infarcts considerably smaller than usual. Possibly these had re- 
mained patent for a period of time, causing the development of col- 
lateral channels which then persisted. 

From this comparatively small series the clinical implications of 
arterialization cannot be accurately assessed. The results demonstrate 
the difficulty of the procedure itself, the seriousness of the damaging 
changes it produces in the myocardium, and the uncertainty and in- 
consistency of the benefits which may follow. In the occasional case in 
which a successful operation leads to prolonged arterialization, there 
appears to be some protection against coronary artery occlusion and 
the development of myocardial infarction. 

If it be granted that anastomosis of an artery to the coronary sinus 
in association with partial or complete closure of this latter structure 
near its auricular entrance results in some protection against coronary 
artery occlusion, there is no assurance that survival and the reduction 
in infarction is dependent on the backward flow of blood through the 
myocardial veins and capillaries. In the first place, animals which with- 
stand one or more operative procedures such as coronary sinus occlusion 
and anastomosis are sturdy and are more likely to withstand coronary 
artery ligation than is the average animal. In the second place, the 
obvious alteration in the myocardium of the left ventricle which follows 
complete or partial occlusion of the coronary sinus and an arterial 
anastomosis may be such that ligation of the descending left coronary 
artery is tolerated better than normally without necessarily presuppos- 
ing that backward circulation through the capillaries occurs. It is possi- 
ble, for example, that the operations preceding ligation of a coronary 
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artery may induce ischemia and stimulate the opening up of collateral 
coronary arterial pathways. 


SUMMARY AND CONCLUSIONS 


1. The hypothesis that one may cause a backward flow of blood in 
the coronary veins and capillaries with nourishment of the myocardium 
of the heart has been studied in experiments on 185 animals. The 
method employed most often was that of anastomosis of the carotid 
artery to the coronary sinus, combined with total, partial or no oc- 
clusion of the coronary sinus orifice, and with subsequent ligation of 
the descending branch of the left coronary artery. 

2. Temporary arterialization of the coronary sinus was readily ob- 
tained, most anastomoses remaining functionally patent at least 24 
to 48 hours. During this time profound changes in the heart were noted, 
notably when the sinus orifice was occluded. These changes were asso- 
ciated with a high mortality rate. The mortality and heart damage 
could be reduced, but not eliminated by (a) leaving the central end of 
the sinus open, in which case most of the carotid blood escapes into 
the right auricle, or by (b) ligating the sinus as a separate step 10 
days before anastomosis. 

3. Permanent arterialization was generally unsuccessful; in most 
cases surviving operation the anastomosis eventually closed. 

4. Following arterialization efforts to evaluate any possible protec- 
tion against coronary disease consisted of acute coronary artery oc- 
clusion. No numerically valid conclusions can be drawn. Yet it was 
observed that even a widely patent shunt did not prevent immediate 
ventricular fibrillation when the main left coronary artery was ligated. 
Of the nine animals in which the anastomosis remained patent, three 
survived ligation of the anterior descending coronary artery without 
infarct. In one the size of the infarcted area was reduced. Two animals 
with demonstrably closed anastomoses escaped without infarction. 

5. Only a partial arterialization of the sinus tributaries seemed to 
occur. It is doubtful that a backflow reached the smaller veins or that 
any arterial backflow traversed the capillary bed. Perfusion of the 
sinus bed was not measured, but a great quantity of the sinus blood 
was shunted directly into the right auricle. The important central 
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layers of the myocardium did not acquire the hemorrhagic evidences 
of full perfusion. 

6. Attempts to send arterial blood from the left ventricle into the 
sinus through a polythene cannula met only transient success; throm- 
bosis usually occurred in the tube after a few hours. 

7. A pulmonary artery was anastomosed to the coronary sinus in 
16 instances out of 22 attempts. There was little detectable flow in 
either direction across the suture line and no evidence of perfusion of 
the sinus bed was found. Nevertheless, one of the two animals in this 
group with patent anastomoses survived ligation of the descending 
coronary artery without infarct and one animal with a thrombosed 
anastomosis did likewise. 

8. While animals with persistently functioning anastomoses may 
gain a measure of protection against coronary artery occlusion, these 
experiments indicate that this benefit is not sufficiently adequate or 
dependable to warrant clinical application at the present time. 
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One of the problems in the development of a direct surgical treatment 
of mitral stenosis has been that of valvular insufficiency and acute 
pulmonary edema in the immediate post-operative period (1). The 
technics recently described by Harken, et al (2, 3) and Bailey, Glover, 
and O’Neill (4) have demonstrated that the type of operative procedure 
done upon the valve has a definite relationship to this complication. 

The present investigations were made to develop a method for pro- 
ducing lesions at pre-determined sites in the mitral valve in normal dogs 
and to compare the relative tolerance to lesions placed through the 
center of a major leaflet with lesions placed through the valve at the 
junction of the two leaflets. The areas between the two leaflets in the 


normal valve consist of narrow curtains which correspond in position 
to the commissures of the diseased valve (4) and for purposes of clarity 
will be referred to as commissures in this study of normal structures. 
Other workers (5-18) have described technics by which lesions may be 
made in the mitral valve in animals, but an experimental method with 
a low operative mortality and subject to greater technical control than 
those described was necessary to place lesions at such selected locations. 


ANATOMICAL CONSIDERATIONS 


An anatomical study was made in an effort to find a direct surgical 
approach to the mitral valve, and the following features were found 
to be significant: The mitral valve lies in the plane of the auriculo- 
ventricular junction. At its free margin the normal valve is notched 
to form two main leaflets; it is continuous along its line of attachment. 
The chordae tendineae which arise from the anterior papillary muscle 


* Presented in part at the meeting of the Johns Hopkins Medical and Surgical 
Association, Feb. 25, 1949, and at the 35th Clinical Congress of the American 
College of Surgeons, Forum on Fundamental Surgical Problems, Oct. 19, 1949. 
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extend to the anterior extremities of both leaflets, and those arising 
from the posterior papillary muscle extend to the posterior extremities, 
forming two groups of fibers. The areas at which these groups insert 
correspond to the commissures described in the diseased valve (4). 
The continuity of the free margin is necessary to maintain the support 
these fibers exert upon the central area of the leaflet (Fig. 1). The 
valve grossly appears to be a continuation of the auricular endocar- 
dium, which for one to two centimeters above the attachment of the 
leaflets is much thicker than the remainder of the lining of the auricle. 


ilies 
itral ring 
terion 


Pee ellot - 
Post. group of 
cho. tendinese 


: se of Post. papillary m. 
(cut) 


ae tendinese 


Fic. 1. Diagram showing mitral valve and associated structures. The heart is 
cut longitudinally through the posterior papillary muscle and viewed from the 
posterior aspect. Photographs show specimens cut in this manner. 


A cleavage plane between this area of thickened endocardium and the 
auricular myocardium can be developed. This characteristic provides 
the anatomical basis for the operative method used (Fig. 3a). 


METHOD 


Mongrel dogs weighing eight to seventeen kilograms were anesthetized with 
ether using an intra-tracheal tube and a mechanical respirator. The dog was placed 
in a right antero-lateral position on the table and the left thoracic cavity entered 
through an incision in the fifth intercostal space, an aseptic technique being main- 
tained throughout. The left lung was allowed to collapse partially and was packed 
down with a moistened sponge. The pericardium was incised parallel to the phrenic 
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nerve and the pericardial edges retracted with sutures to the chest wall. This 
approach exposed the left auriculo-ventricular junction, the adjacent left auricular 
wall and appendage. 

The operation was designed to expose the attachment of the mitral valve (mitral 
ring) to direct vision without entering the heart cavities or interrupting the circula 
tion. This was done through an incision in the auricular wall which extended to 
but not through the endocardium. A plane of cleavage between the thickened 
endocardium in the vicinity of the auriculo-ventricular junction and the myo 
cardium of the auricle was developed until the attachment of the valve could be 
visualized. The exact site at which the valve was to be cut was determined by 
placing the auricular incision at different locations about the circumference of the 
auriculo-ventricular junction in relation to external landmarks. The curtain of 
valve at the insertion of both groups of chordae tendineae (commissures) and the 
entire posterior leaflet were accessible by this approach. The anterior (aortic) 
leaflet lies beneath the auricular septum and the root of the aorta and its attach 
ment at the mitral ring could not be exposed in this region. 

Lesions were intentionally made in the valve at the anterior commissure 
(Group I) through an incision at the base of the auricular appendage which was 
retracted toward the operator by grasping its tip with a clamp. Lesions were placed 
in the center of the posterior leaflet (Group II) through an incision on the postero 
lateral surface of the auricle at the point where the oblique vein of Marshall joins 
the great cardiac vein (Fig. 2). 

The auricular incision to approach any accessible segment of the mitral ring 
was one centimeter long, and was made parallel to and within one centimeter of 
the great cardiac vein. Initially the epicardium and superficial fibers of the myo 
cardium were incised with a scalpel. The remaining muscle fibers were then spread 
with blunt dissecting scissors in the axis of the incision down to the thickened 
endocardium which had a bluish white glistening appearance. A plane was then 
developed toward the ventricle between the endocardium and myocardium by 
blunt gauze dissection and spreading with the scissors. Extreme care was necessary 


to avoid entering the auricular chamber. A nasal speculum inserted into the cavity 


aided visualization. The dissection extended beneath the auricular myocardium, 
the coronary vessel bundle, and the rounded upper margin of the ventricular wall. 
When the plane was completely developed the segment of the valve ring exposed 
could be seen at the depths of the cavity as a fibrous band with small transverse 
digitations extending to the ventricular wall, at which point the endocardium was 
fused, limiting the depth of the free plane of separation. With each ventricular 
systole these small transverse fibers became more prominent and the effect of 
tension of the valve upon its mural attachment could be seen. 

Preparations for control of bleeding and closure of the defect were then made 
A suture of 000 silk was placed as an untied purse string in the auricular myo 
cardium with both ends passing within the cavity beneath the coronary vessels 
to emerge through the upper ventricular wall. At no point did the suture penetrate 
the endocardium. 
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With the valvular attachment thus exposed and the suture in place, valvulotomy 
was done by introducing the nasal speculum into the cavity and exposing the 


segment of mitral ring to direct vision. A sharply pointed scissors was introduced 



















Fic. 2. The chest wall has been incised through the fifth intercostal space. The 
margins of the pericardium have been retracted. The approach to the center of 
the posterior leaflet by an incision in the auricular myocardium on the postero- 
lateral surface of the heart is shown in 1. The approach to the valve at the point 
of attachment of the anterior group of chordae tendineae (anterior commissure) 
by an incision in the myocardium at the base of the auricular appendage is shown 
in 2. The myocardial incision with the intact underlying endocardium and the 
purse string suture in place is shown in la. The exposure of the valve ring obtained 
by this method is shown in 1b. In 1c the valve has been divided as in Fig. 3, and 
the suture tied. 


into the cavity. One tip of the scissors was passed through the endocardium just 
above the valve ring, the other below it, and both blades were directed into the 
cavities of the heart including the valve leaflet between them (Fig. 3 b). The valve 













he 


ed 








sah as 







i) 
un 


MITRAL VALVULOTOMY IN DOG 


was cut, and as the scissors and speculum were withdrawn the previously placed 
suture was tied, drawing the auricular wall into the wound down to the mitral 
ring and obliterating the cavity. Bleeding was usually slight. 

The pericardium was loosely closed. The lungs were re-inflated and the chest 
wall was closed with silk sutures. 


RESULTS 
Valvulotomy was attempted in this manner on forty-seven dogs. 
The valve was successfully cut in forty-one, but was not cut in four 
animals in which the mitral ring was inadequately exposed. Two dogs 
died at operation from uncontrollable hemorrhage during dissection 
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Fic. 3. Illustration showing the anatomical basis of the operative approach 


and the position of the scissors for cutting the valve leaflet. 


of the extra-endocardial plane. Deaths occurring at operation which 
were attributed to the effect of the valve lesion will be described. The 
character and location of the lesions produced were confirmed at au- 
topsy in all animals. 


Group I (Lesions through the anterior commissure) 


Lesions through the valve at the anterior commissure were selec- 
tively made in ten dogs. Nine animals survived the operation. One 
dog died of ventricular fibrillation immediately after the valve was 
cut. Regurgitation was not severe enough in any animal to cause death 
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from acute cardiac failure at operation. None of the dogs developed 
pulmonary edema during the early post-operative period. In the first 
month following operation three animals developed fatal respiratory 
infections and one died of distemper encephalitis. Of the remaining 
five long survivals, one died with pulmonary congestion at four months, 
one succumbed five months post-operatively with peritonitis secondary 





Fic. 4. Photograph showing a typical lesion among the chordae tendineae at 
the anterior commissure (Group I) Dog #7, eighteen days post-operative. 


to necrotising cystitis with calculi. Three dogs were sacrificed at 4 
months, 12 months, and 17 months respectively. Lesions were present 
at the desired location in all animals, and all defects extended through 
the full width of the leaflet at this site (Fig. 4). At the time of val- 
vulotomy, lesions in this area produced minimal signs of insufficiency. 
A systolic thrill was always palpable but there was little distention of 
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the auricle. All the dogs surviving the procedure had systolic mur- 
murs. 


Group II (Lesions in the Posterior Leaflet) 


In thirty-one animals an attempt was made to place selectively the 
lesion completely through the center of the posterior leaflet. In twenty 


two dogs defects were produced which proved to be complete (Fig. 5, 





Fic. 5. Photograph showing a complete lesion through the central free margin 
of the posterior leaflet. (Group I1) Dog #13, two days post-operative. 


6). Eight dogs had incomplete defects in that the lesion did not extend 
through the free margin of the valve. (Fig. 7) The lesions were con- 
sidered incomplete at the time of operation if the signs of mitral in- 
sufficiency were not marked. This proved to be a justifiable guide for 
classification. 

Animals with complete lesions at this site tolerated the defect poorly. 
At operation they consistently showed signs of severe mitral insuffi- 
















28 DUANE L. MERRILL 


ciency. A very strong systolic thrill was felt, and the auricle, the ap- 
pendage, and the pulmonary veins were markedly distended and bal- 
looned out with each ventricular systole. Without selection, thirteen 
animals with complete lesions were observed for survival and for com- 








Fic. 6. Photograph showing a complete lesion through the posterior leaflet. 
(Group II) Note the accumulation of fibrin on the free flaps formed by the incision 
Dog #23, four days post-operative 


parison with the animals of group I; nine dogs were used for other 
studies. The site of the lesion was confirmed at autopsy in all animals. 

Of those observed, two dogs died within ten minutes after valvulo- 
tomy with acute cardiac failure. Six animals died between the first 
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auiyy fifth post-operative days with pulmonary edema which was the 
major cause of death in this group. One dog died eight days after oper- 
ation from hemorrhage resulting from the rupture of a false aneurysm 
which developed at the operative site in the auricle.! Another dog died 





Fic. 7. Photograph showing an incomplete lesion through the posterior leaflet. 


Dog #2, thirty three days post-operative. 


of pulmonary edema at six months. The remaining two animals were 
sacrificed at 14 and 17 months. 
The animals with incomplete lesions in the central area of the leaflet 


‘One other small unruptured aneurysm was found in the entire series. In both 
animals with aneurysms the myocardial wound had been closed with a simple 
purse string suture in the auricle without passing the suture ends through the 
upper ventricular margin. In one animal which died four days after operation, there 
was a propagating thrombus firmly attached to the endocardial wound. No other 
such thrombi were seen. The fragments of divided valve in some animals in group II 


showed moderate fibrinous deposits (Fig. 6). 
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cannot be compared with those in group I or with those dogs with 
complete lesions in the posterior leaflet because of the inconsistency 
of the defect. In general this type of lesion appeared to cause less 
regurgitation than a complete lesion at the same site and more in- 
sufficiency than a defect at the commissure. The major cause of death 
in these animals was respiratory infection. 

Sections were taken from non-dependent areas of the lungs at au- 
topsy and studied for evidence of vascular congestion and alveolar 
edema. Increasingly severe edema, vascular congestion, and inflam- 
matory infiltration were found in animals in group II dying during the 
first ten days after operation. Figure 8 shows photomicrographs of the 
lungs of three animals with complete posterior leaflet lesions. One dog 
4 (Fig. 8, upper) died on the second post-operative day with acute pul- 
monary edema and sections of the lung showed fluid within the alveoli, 
thin alveolar walls, and absence of white cell infiltration. Another 
animal (Fig. 8, center) survived five days; the lung presented marked 
alveolar edema, thickening of the alveolar walls and early inflamma- 
. tory infiltration. A third animal (Fig. 8, lower) survived nine days and 
at autopsy death was ascribed to respiratory infection. There was no 
edema fluid in the trachea or bronchi and there had been a cough and 
nasal discharge for two days. Microscopically there was marked vas- 
cular congestion, thickening of the alveolar walls, alveolar edema, and 
moderate white cell infiltration. 
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DISCUSSION 


The experimental operative technique for exposing a segment of the 
mitral ring and dividing the valve at selected locations under direct 





Fic. 8. Photomicrographs of sections taken from non-dependent areas of the 
lung showing progressively increasing edema and inflammatory infiltration. The 
upper section is that of Dog #13 which died on the second post-operative day 
with acute pulmonary edema. The complete valve lesion is shown in Fig. 5. The 
section in the center is that of the lung of dog #29 which had a similar complete 
lesion and died five days after operation with pulmonary edema. The lower section 
is that of dog #15 which had a complete lesion at the time of death nine days 
after operation. Grossly there was no edema fluid in the bronchi and the lungs 
showed pneumonic changes. There is microscopic pulmonary edema with marked 
vascular congestion, thickening of the alveolar walls, and moderate white cell 
infiltration. 
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vision without interruption of the circulation can be successfully per- 
formed without difficulty in most instances. A definite cleavage plane 
exists between the endocardium and the myocardium of the auricle and 
the ring of attachment of the valve may be clearly seen without en- 
tering the heart chambers. Lesions may be made as desired with ac- 
curacy in relation to the circumference of the valve ring; that one 
third of the lesions in the second group were incomplete indicates how- 
ever that the method is one of only partial visualization. 

It would appear that the location of the valve defect is directly re- 
lated to the severity of surgical insufficiency and to the development 
of early postoperative pulmonary edema. Brunton (19) in 1902 sug- 
gested that enlarging the stenotic valve in the axis of the slit-like open- 
ing was theoretically a better plan than dividing the valve through the 
center of a leaflet at right angles to the orifice, though technically less 
feasible through a ventricular approach. In 1924, Cutler, Levine and 
Beck (17) showed in normal dogs that removal of a large part of the 
mitral valve with a cardiovalvulotome (20) caused marked insuffi- 
ciency, pulmonary congestion, and death in a large number of their 
animals, and that removal of small segments was better tolerated. 
Following a pioneering clinical study of the application of the cardio- 
valvulotome in human cases with mitral stenosis, they concluded that 
some degree of induced regurgitation was inevitable (21). Later studies 
on the removal of segments of the valve with the cardiovalvulotome 
in dogs with experimentally produced mitral stenosis led Powers to 
stress again the dangers of acute surgical insufficiency (22, 23). Smithy 
and his associates have reinvestigated the removal of segments from 
the diseased valve cusps, and with the application of modern advances 
in anesthesia and thoracic surgery, have had greater success with this 
procedure. (24, 25, 26) 

The method described by Harken (2, 3) in which segments are re- 
moved from the angles of the stenotic valve ostium, and the technique 
of commissurotomy described by Bailey (4) in which the stenosed valve 
is divided at the junction of the two leaflets without removal of a seg- 
ment in most cases were developed with the purpose of relieving steno- 
sis while inducing a minimum of regurgitation. The rationale of these 
procedures is that the remaining leaflets, once freed at their stenotic 
margins, would serve as a functional valve. 





MITRAL VALVULOTOMY IN DOG 33 


In the present experimental studies in normal animals the most 
marked regurgitation with a resultant high mortality from early post- 
operative pulmonary edema occurred when a major leaflet (posterior) 
was divided completely through its center. Such a defect severs the 
continuity of the free margin and eliminates the support of the chordae 
tendineae to the entire area of the leaflet, creating two untethered 
flaps which may be displaced toward the auricle with each systole. 
Minimal signs of insufficiency with no immediate post-operative deaths 
from pulmonary edema developed with lesions placed among the val- 
vular attachments of the chordae tendineae at the anterior commissure. 
The anatomical curtain of valve at this point is approximately one 
third the width of that of the posterior leaflet, and even less than that 
of the aortic cusp. Its functional contribution is difficult to evaluate, 
but must be small. Definite, though minimal, signs of insufficiency oc- 
curred however when this segment of the valve was divided. A systolic 
thrill and murmur were constantly present. A factor which must be 
considered is that each flap formed by the incision in this segment 
continues to be supported by adjacent chordae tendineae, and func- 
tionally this area of the valve is not totally incapacitated. 

Although experimental evidence based on lesions in otherwise nor- 
mal dogs is not directly applicable to the surgical attack on the diseased 
valve, these findings support the principle that division of the valve 
at the commissure produces less severe incompetence than division 
of a major leaflet. The site at which valvulotomy is done is intimately 
related to the problem of acute postoperative mitral insufficiency and 
pulmonary edema. 


SUMMARY 


With the purpose of studying the relative tolerance to lesions at two 
different sites in the mitral valve in dogs, a method has been described 
by which the mitral ring may be exposed to direct vision without in- 
terruption of the circulation, and the valve cut at selected locations. 

Two groups of animals were studied, one with lesions in the poster- 
ior valve leaflet and one with defects through the valve at the anterior 
commissure. 

In normal animals the most marked regurgitation with a high mor- 
tality from early post-operative pulmonary edema occurred when a 
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major leaflet was divided completely through its central area. Mini- 
mal signs of insufficiency with no immediate post-operative deaths at- 
tributable to pulmonary edema developed with lesions placed through 
the valve at the junction of the two leaflets. 

These findings support the principle that division of the valve at the 
commissure produces less severe incompetence than division of a major 
leaflet. The site selected for valvulotomy is closely related to the prob- 
lem of acute surgical mitral insufficiency and pulmonary edema. 
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In previous communications from this laboratory, it has been shown 
that certain derivatives of cinchoninic acid exhibit an antidiuretic ac- 
tion (1, 2), suppress the secretion of phenol red by the kidney (3, 4), 
and stimulate the anterior pituitary causing a decrease of the ascorbic 
acid content of the adrenal glands (5). The 3-hydroxy-2-phenylcincho- 
ninic acid has been found to be highly effective in relieving symptoms 
of acute rheumatic fever and possibly of other collagen diseases (6). 
In view of this, certain aspects of its pharmacology are presented in 
this communication. 


DETERMINATION IN PLASMA AND URINE 


A fluorometric method applied to deproteinized plasma or urine can 
be used for the determination of 3-hydroxy-2-phenylcinchoninic acid 
in these fluids. The plasma proteins are precipitated with metaphos- 
phoric acid, the mixture is centrifuged, and the supernatant fluid used 
for the determination. Extraction with isopropyl acetate completely 
removes the drug, but leaves unextracted degradation products and 
other substances giving fluorescence. The Farrand fluorometer was 
used with primary filter No. 5860 (Corning), and secondary filter com- 
bination Nos. 3389 and 4308. The method can be easily adapted for 
use with other photoelectric fluorometers. 

Reagents. 1. Standard Solutions. 50 mgm. of 3-hydroxy-2-phenylcin- 
choninic acid are dissolved in 0.20 ml. of N sodium hydroxide and a 
little water and diluted to one liter. This solution can be kept in the 
refrigerator for a month. From this solution, more dilute standards are 
prepared each day. The dilutions are made up to a final concentration 
of 4 per cent metaphosphoric acid. We use standards from 0.02 to 0.10 
mgm. per cent. Standards prepared in the supernatant from normal 


1 This investigation has been aided by a grant from the U. S. Public Health 
Service, and by a grant from the Life Insurance Medical Research Fund. 
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plasma show the same fluorescence as those prepared in 4 per cent 
metaphosphoric acid. 

2. Metaphosphoric Acid, 20 per cent. Twenty grams of the acid are 
dissolved with shaking in 100 ml. of water. This solution is kept in 
the refrigerator and should be prepared fresh every two weeks. 

3. Isopropyl Acetate. This is tested for fluorescent impurities. If pres- 
ent, these are removed by shaking with Norite and filtering. 


Procedure. Plasma proteins are precipitated with metaphosphoric acid in a 
dilution of 1:50 to 1:500 depending on the amount of drug present. The final con- 
centration of metaphosphoric acid in the diluted plasma should be 4 per cent. 
After 10 minutes standing, the mixture is centrifuged, and the clear supernatant 
liquid decanted. A portion of this liquid is compared in the fluorometer with a 
suitable standard. Another portion is extracted with five volumes of isopropyl 
acetate and the residual fluorescence in the aqueous phase determined. The differ- 
ence in the two fluorometric readings gives the amount of drug. 

When 3-hydroxy-2-phenylcinchoninic acid is added to normal plasma in amounts 
to make 1 to 20 mgm. per cent, recovery is complete (97 to 99 per cent). 

Urine is appropriately diluted, the final dilution being made up to 4 per cent 
metaphosphoric acid?. Extraction is always necessary. There are fluorescent sub- 
stances in normal urine but the bulk of these are not extracted with isopropyl 
acetate. 


Specificity. In dogs given the drug either intravenously or orally, all 
or nearly all of the fluorescent material in the diluted deproteinized 
plasma can be extracted with isopropyl acetate. Plasma was taken 
from a dog 5 hours and 25 hours after an oral dose of 20 mgm. per 
kgm. of drug. It was precipitated with metaphosphoric acid and the 
supernatant extracted with isopropyl acetate. The organic phase was 
then shaken with 0.1 normal sodium hydroxide. Over 95 per cent of 
the fluorescent material present in the metaphosphoric acid superna- 
tant was found in the sodium hydroxide solution. The sodium hydrox- 
ide was buffered to pH 5.0 with phosphate (0.2 molar) and examined 
by the counter-current distribution method (eight plate) using ethyl- 
ene dichloride as the organic phase (7). The distribution pattern ob- 
tained indicated that over 90 per cent of the fluorescent material was 
distributed in the same manner as the pure drug. 

The metabolic behavior of the drug in man is different from that in 
the dog. An appreciable amount of the fluorescent material in a meta- 

2 Instead of using metaphosphoric acid, the urine can be acidified by making 
it 0.3 normal with hydrochloric acid or 10 per cent acetic with glacial acetic. 
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phosphoric acid supernatant of plasma from man after administration 
of the drug is not extractable by isopropyl acetate. However, after 
hydrolysis, the material becomes extractable and hence appears to be 
a conjugate of the drug. Total drug (conjugated and free) was esti- 
mated as follows. The supernatant from the deproteinized plasma or 
diluted urine is treated with sufficient concentrated hydrochloric acid 
to make an approximate 0.3 normal solution, and heated in a boiling 
water bath for one-half hour. Determination of the difference in fluo- 
rescence before and after extraction gives total drug. 

In order to determine in man if the fluorescent material extracted 
by isopropyl acetate was unchanged drug, a counter-current distribu- 
tion was performed. The procedure was the same as that used in the 
case of plasma from the dog. Plasma samples obtained from three in- 
dividuals after oral administration of the drug were used. The results 
in all three cases indicated that over 90 per cent of the extractable fluo- 
rescent material was distributed in the same manner as the pure drug.? 


3 Since this manuscript was submitted for publication, it has been found that 
the method described may give high values for plasma samples from patients who 
have been taking drug for several days. A counter-current distribution was per- 
formed on a sample of plasma taken from a patient who had been given drug 
daily for one week. The concentration of drug in this plasma determined by extrac- 
tion with five volumes of isopropyl acetate was nearly twice as high as that de- 
termined by extraction with five volumes of ethylene dichloride. It was found that 
about one-third of the fluorescent material calculated as drug extracted by the 
isopropyl acetate was not unchanged drug. These data contrast with the less than 
ten per cent unchanged drug found in previous counter-current distributions 
which were performed on plasma samples taken less than twenty-four hours after 
a single dose of the drug. 

The data given in this paper for the rabbit and dog are correct since neither 
animal conjugates significant amounts of the drug. The data for man are essentially 
correct because the error is negligible in the first twenty-four hours after a single 
dose of drug. In the case of the concentrations of drug in the plasma of the two 
monkeys used for toxicity estimation, the figures may be somewhat high, but never 
more than 10 per cent. 

The error resulting from large amounts of degradation products in the plasma 
can be avoided in two ways. Extraction can be done with five volumes of ethylene 
dichloride instead of isopropyl acetate. This will remove 96 per cent of the un- 
changed drug and very little of the degradation products. Secondly, the amount of 
isopropyl acetate may be reduced from five volumes to one volume. This will 
extract over 99 per cent of the unchanged drug and only a small fraction of the 
degradation products. 
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ABSORPTION, DISTRIBUTION AND EXCRETION 


The absorption, distribution, and excretion of 3-hydroxy-2-phenyl- 
cinchoninic acid has been examined in the rabbit, in the dog, and in 
man. 


Methods. The sodium salt of the drug was used for intravenous injection. The 
free acid in gelatin capsules was used for oral administration. In the dogs and 
rabbits, the drug was given 18 hours after the last meal; in man immediately after 
a light breakfast. The intravenous injection in the human was given in 1 per cent 
solution over a period of 20 minutes; in the rabbits and dogs, the total dose was 
given in about 5 ml. and injected in the course of 1 to 2 minutes. Blood was oxa- 
lated and the plasma separated at once. Urine from the dogs and rabbits was 
always obtained by catheterization. 


Concentration in Plasma. The concentration of 3-hydroxy-2-phenyl- 
cinchoninic acid was determined in the plasma after intravenous or 
oral administration. In figure 1 are plotted data obtained from the 
intravenous injection of the drug into man, and in figure 2, those from 
oral ingestion of the drug. It is to be noted that considerable amounts 
of drug are present in the plasma 24 hours after oral administration. 
On the other hand, in the rabbit the drug disappears from the plasma 
very rapidly and only very low concentrations are obtained after oral 
administration. Data obtained from two rabbits are shown in figure 
3. In the dog, as in man, appreciable amounts of drug are present in 
the plasma after 24 hours, and concentrations in the plasma after oral 
dosage are intermediate to those obtained in man and in the rabbit. 
Data obtained from experiments on two dogs are given in figure 4. 
Preliminary experiments indicate that in the dog administration of 
amphogel or milk with the drug causes a marked decrease in the con- 
centration of drug in plasma. 

In the dog and in the rabbit, all or nearly all of the fluorescent ma- 
terial in the plasma appears to be unchanged drug, but in man a con- 
siderable amount of fluorescent substance may be present which is 
definitely not unchanged drug. This material can be hydrolyzed to a 
substance with less fluorescence which resembles the drug in its solu- 
bility. Assuming this substance to be a conjugate which can be hy- 
drolyzed to the original drug, we can calculate the amounts of both 
total and free drug present. In the two individuals used for the ex- 
periment shown in figure 2 such calculation showed at 26 hours in D 
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total drug 10.7, free 7.0 mgm. per cent; and in R total drug 8.1, free 
6.1 mgm. per cent. In neither the dog nor the rabbit have we been 
able to find evidence of a conjugated form of the drug. The monkey 
resembles man in that considerable conjugated drug is present in both 
plasma and urine. 
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Excretion. Only a small amount of the drug is excreted unchanged 
in the urine. In man less than 2 per cent has been excreted in twenty- 
four hours after a dose of 20 mgm. per kgm. by mouth and less than 
3 per cent in the form of total (free and conjugated) drug. In the dog, 
somewhat more appears to be excreted, 6-14 per cent in 24 hours after 
an intravenous injection of 20 mgm. per kgm., while the same dose 
given intravenously to the rabbit leads to the excretion of less than 
1 per cent in 24 hours. 
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Two dogs were given a total of 5 grams of 3-hydroxy-2-phenylcin- 
choninic acid in three daily intravenous doses, all the urine amounting 
to 2.5 liters, from the two dogs was collected for a three-day period. 
The urine was made slightly alkaline, filtered, made acid with acetic 
acid and extracted several times with large quantities of ethyl ether. 
The ether was evaporated leaving a tarry residue. This residue was 
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rubbed with glacial acetic acid to form crystals, diluted with water 
and filtered. The precipitate was washed, dried and weighed. There 
were 330 mgm. which is 6.6 per cent of the amount of drug adminis- 
tered. Spectrophotometric absorption curves, partition coefficients, de- 
composition point and nitrogen analysis showed the substance to be 
3-hydroxy-2-phenylcinchoninic acid. 
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Distribution. The apparent volume of distribution in per cent of 
body weight was calculated from the data for plasma concentrations 
after intravenous injection (shown in figures 1, 3 and 4). The loga- 
rithms of plasma concentrations were plotted against time and the 
straight line obtained extrapolated to zero time. The value obtained 
together with the dose given per kilogram allowed a calculation of the 
distribution in per cent of body weight. This method is not entirely 
free from errors. In man, the distribution appeared to be in 9 per cent 
of the body weight; in the rabbit, in 11 to 13; and in the dog, in 12 
to 16. However, it is difficult to assess these apparent volumes of dis- 
tribution as the drug is bound to the extent of more than 95 per cent 
to the plasma proteins of both dog and man (determined by dialysis, 
8). 


TOXICITY 


Acute Toxicity. The median lethal dose (LD) for its acute toxicity 
on subcutaneous injection in white mice (as the sodium salt) is about 
400 mgm. per kgm. (2). 

Two dogs were given 75 mgm. per kgm. of the sodium salt of this 
drug intravenously each day for three days. When this amount was 
injected in a period of 30 seconds, the breathing became very deep 
and slow, the heart beats were extremely slow and irregular and vom- 
iting and defecation were observed. Recovery was complete in five 
minutes. Electrocardiograms taken on both dogs during and following 
the injection showed moderate bradycardia, absence of one or two P 
waves, and transient changes in the S-T segment and T wave. Four 
and seven minutes after injection the records were essentially the same 
as before administration of the drug. No albumin or sugar was found 
in the urine, and there were no significant changes in the microscopic 
picture. Two dogs were given 100 mgm. per kgm. intravenously. The 
heart became very slow and irregular; respirations were deep and gasp- 
ing, for a few minutes, cyanosis and pallor of the mucous membranes 
were observed and in one dog vomiting occurred. Both dogs had diffi- 
culty in standing or walking. Recovery was complete in ten minutes. 
A number of dogs have received intravenously doses up to 40 mgm. 
per kgm. When the injections are rapid, the above symptoms were 
elicited. Slow injections gave no symptoms. 
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One dog, which had on two occasions been given cinchoninic acid 
derivatives intravenously in doses of 3 and 20 mgm. per kgm. was 
given 100 mgm. per kgm. of 3-hydroxy-2-phenylcinchoninic acid by 
mouth in capsules. Since many cinchoninic acid derivatives depress 
the secretion of phenol red not through renal insufficiency but through 
a carinamide like action, special studies on phenol red excretion were 
made. A phenol red excretion test, done one hour after the adminis- 
tration of the drug, was normal. Three hours later, there was moder- 
ate depression of the phenol red excretion. Tests 24 hours or more 
after drug administration repeatedly failed to show any excretion of 
phenol red. Marked albuminuria (3 plus) appeared 48 hours after the 
drug and persisted until death, six days after the drug was given. This 
same dose was then given to two other dogs both of which had had 
repeated doses of cinchoninic acid derivatives. The phenol red excre- 
tion of these animals was depressed for some time but returned to 
normal in 96 to 115 hours. Both of these dogs remained normal over 
a six month observation period. 

Chronic Toxicity*. Rais. Young rats, weighing 63 + 5 grams were 
given by stomach tube various amounts of the sodium salt of 3-hy- 
droxy-2-phenylcinchoninic acid every day for 11 days. The average 
weight of each group in comparison with that of controls is given in 
figure 5. It can be seen that doses of 200 and 400 mgm. per kgm. per 
day had little or no effect (the one death on the 400 mgm. dose was 
probably accidental). The 800 mgm. per kgm. dose was definitely toxic 
and caused the death of two out of five rats. At autopsy no gross ab- 
normalities were seen. Sections of liver, adrenal and thyroid likewise 
showed nothing abnormal. In the animals given 200 or 400 mgm. per 
kgm. per day the sections of the kidney were normal. The kidney sec- 
tions of some of the rats given 800 mgm. per kgm. per day showed 
slight dilatation of the tubules, some of which contained brown plugs. 
These plugs may be either hemoglobin or perhaps the drug. Some red 
blood cells could be seen in the lumina of the tubules. 

Dogs. Three dogs were given 50 mgm. per kgm. of this drug in cap- 
sules each day for 30 days. They were asymptomatic throughout. No 
significant albuminuria was found and no significant change in the 


‘We wish to thank Dr. Arnold Rich of the Department of Pathology for his 
kindness in examining the histological sections. 
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microscopic picture. Occasional one plus reactions for sugar were en- 
countered. Two of the dogs gained 0.1 and 0.3 kgm., while the third 
lost 3.3 kgm. (20 per cent of the body weight). Six to eight hours 
after the daily dose of drug the concentration in the plasma was 11 
to 20 mgm. per 100 ml. Twenty-four hours after the daily dose of 
drug, the concentration of drug in the plasma was found to be in the 
range of 1 to 5 mgm. per 100 ml. On the 13th day of the experiment, 
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one dog developed a corneal ulcer. Her other cornea was seen to be 
slightly cloudy and one cornea of a second dog showed slight clouding. 
Slit-lamp examination of the ulcer disclosed that there was no inflam- 
matory reaction. Cultures taken from the ulcer resulted in a heavy 
growth of 6-hemolytic streptococcus. Local treatment with penicillin 
quickly initiated a healing process manifested by rounding of the ulcer 
margins with an ingrowth of new blood vessels and a decrease in the 
size of the ulcer. There is no way of knowing whether the clouding of 
the other cornea was present before the experiment was begun, but 
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since it was not progressive it is believed that it was not caused by 
the drug. 

At autopsy, two of the dogs were found to have no gross abnor- 
malities and the tissues which were sectioned showed no microscopic 
abnormalities. 

The third dog, the animal with marked weight loss, had a number 
of round slightly hemorrhagic raised white areas on the surface of one 
kidney. These extended down through the cortex into the medullary 
portion. This same animal had a small (5 mm.) ulcer just proximal 
to the pylorus. There were also a few shallow areas of denudation in 
the ileum ranging from 4 to 7 mm. in diameter. There was very little 
inflammatory reaction around these areas. Microscopic examination 
of the tissue sections of this dog revealed no abnormalities in bone 
marrow, heart, spleen, uterus, thyroid, parathyroid, lymph node or 
adrenal. The ulcer of the stomach was seen to have regenerating epi- 
thelium in the base. There were small ulcers seen in sections of in- 
testine. Dr. Rich estimated the age of these as one to two weeks. The 
liver cells were shrunken. This could be due to inanition. In both kid- 
neys, there was evidence of pyelitis and in one there were abscesses 
with infiltration of both polymorphonuclear and mononuclear cells. 
The other kidney contained some dilated tubules but no casts. There 
were vacuoles in the cells of the loop of Henle. 

Two dogs received 100 mgm. per kgm. per day in capsules for 22 
and 23 days. One animal was found dead on the 23rd day while the 
second was sacrificed on the 24th day. Both animals became lethargic 
and anorexic after about 10 to 12 daily doses. They lost 1.6 kgm. (33 
per cent of body weight) and 3.7 kgm. (29 per cent of body weight) 
respectively. No eye abnormalities were apparent in either of these 
dogs at any time. The concentration of the drug in the plasma 4 to 6 
hours after the oral dose ranged from 14 to 71 mgm. per 100 ml., 
whereas 24 hours after dosage it was in the range of 1 to 5 mgm. per 
100 ml. Both dogs had large 1 cm. gastric ulcers just proximal to the 
pylorus and multiple shallow areas of denudation in the small intes- 
tine. There were many of these, and they extended up as far as the 
duodenum. One of the dogs also had multiple ulcers in the colon. The 
edges were raised and there seemed to be some inflammatory reaction 
around the ulcers. Sections of spleen, uterus, parathyroid, bone mar- 
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row, lymph node, heart and adrenal showed no histological abnor- 
malities. One dog had a small thyroid adenoma and the other had 
shrunken liver cells but otherwise these organs were also normal. Both 
dogs had recent ulcers of the stomach and intestine. The kidney sec- 
tions of both dogs showed chronic pyelitis, patchy nephritis and vac- 
uolization of the cells of the loops of Henle. Occasional dilated tubules 
were seen but no hemorrhage or casts. 

Chronic Toxicity. Monkeys*. Two Rhesus monkeys were given a daily 
dose of 50 mgm. per kgm. orally as an aqueous suspension for 30 days. 
There were no symptoms, and no changes in weight. The red cell count, 
the hemoglobin, leucocyte count, and differential count showed no 
change during the administration of drug. The cells of the bone mar- 
row taken at necropsy appeared entirely normal. Urine examination 
was negative. No pathological lesions which could be detected by gross 
study were found. Histological examination of sections of liver, kid- 
ney, spleen, heart, stomach, intestine, colon, pancreas, uterus, adrenal, 
.7mph node, lung, ovary, aorta, brain and testis revealed no significant 
pathological changes. 

The concentration of drug in plasma of blood samples taken just 
before administration of a dose varied in one monkey from 7.5 to 16.3, 
and in the other, from 6.8 to 14.9 mgm. per cent. The apparent con- 
jugate of the drug is present in monkey plasma as it is in human 
plasma. In this respect and in the higher concentrations of drug ob- 
tained in the plasma, the monkey resembles man more closely than 
does the dog or rabbit. 


DISCUSSION 


Neither acutely nor chronically does 3-hydroxy-2-phenylcinchoninic 
acid appear to be a very toxic substance. The gastric ulcers, which are 
produced in dogs with large doses, have not been seen in the rat or 
monkey. Cinchophen is known to produce gastric ulcers in the dog, 
but apparently has not produced them in man. Dogs have been given 
75 and 100 mgm. per kgm. intravenously without causing death and, 
in fact, with only transient symptoms and changes in the electrocar- 

5 We wish to thank Dr. Leon H. Schmidt of the Institute for Medical Research, 


Christ Hospital, Cincinnati, Ohio, for carrying out the toxicity experiments on two 
monkeys. 
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diogram. Although one dog given 100 mgm. per kgm. of drug orally 
apparently had an acute renal failure and died, others given either 
single or multiple doses of 100 mgm. per kgm. have shown no evidence 
of renal damage. Neither 200 nor 400 mgm. per kgm. given daily to 
young rats for 10 days gave any indications of toxicity. Dogs given 
50 mgm. per kgm. daily for 30 days exhibited no toxic symptoms, 
but those given 100 mgm. per kgm. daily showed anorexia, lethargy, 
and loss of weight. The two monkeys given 50 mgm. per kgm. per 
day for 30 days were completely free from any toxic symptoms. 

The data obtained indicate that 3-hydroxy-2-phenylcinchoninic acid 
is absorbed when given orally in both the dog and man. It is probably 
also as well absorbed in the rabbit as in the dog as the low concen- 
tration obtained in plasma after oral administration may be due to 
its rapid degradation in the rabbit and not to lack of absorption. The 
peak of the concentration of drug in the plasma after oral administra- 
tion is subject to considerable variation. Only a small amount of drug 
is excreted as such in the urine, least in the rabbit and most in the 
dog. The remainder is apparently degraded to some non-fluorescent 
substance. The fact that the apparent volume of distribution of the 


drug is in 9 to 15 per cent of the body weight in different species argues 
against any localization of drug in tissues. However, the drug is ex- 
tensively bound to plasma proteins. 


SUMMARY 


A method has been developed for the determination of 3-hydroxy- 
2-phenylcinchoninic acid. Using this method the absorption, excretion 
and distribution of the drug has been studied in rabbit, dog and man. 
The acute and chronic toxicity of the drug has been investigated in 
several species of animals. 


We wish to thank Irene T. Payne and Sara Ann Verplanck for tech- 
nical assistance. 
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It has been shown that 3-hydroxy-2-phenylcinchoninic acid (HPC) 
inhibits a water diuresis and produces a decrease of urine flow in di- 
abetes insipidus (1), inhibits the secretion by the renal tubule of phenol 
red and of penicillin (2, 3), increases the excretion of uric acid (4, 5, 
6) and reduces the ascorbic acid content of the rat adrenal when the 
anterior pituitary is present (7). These facts suggested that HPC might 
be effective in diseases which respond to ACTH. This paper reports 
the results obtained in the use of HPC in acute rheumatic fever, 
chronic rheumatoid arthritis, bronchial asthma and lupus erythema- 
tosus disseminatus. 

The cases of rheumatic fever (cf. appendix) and rheumatoid arthri- 
tis selected for therapy were relatively unequivocal examples of these 
diseases. All cases were sufficiently ill to require hospitalization. Com- 
parison with controls was not attempted in this exploratory trial. 

Ten cases of acute rheumatic fever have been treated. All patients 
had fever and all but one had objective arthritis. The latter had a 
pericardial friction rub. The drug was administered for 2-21 days, all 
patients receiving 20 mgm. per kilogram on the first day, and 10 or 
20 mgm. per kilogram each day or alternate days thereafter. The daily 
amount was sometimes given as a single dose, but usually in one-third 
fractions at 0, 1 and 2 hours after breakfast, together with an equal 
quantity of sodium bicarbonate. 

Ten cases of rheumatoid arthritis have been given HPC. All cases 
were of the chronic variety, with moderate to severe joint deformities, 
but only a few had fever or objective evidence of active arthritis. The 
drug has been administered for 5 to 7 daysin a daily dose of 20 to 40 
mgm. per kilogram. 

HPC has been given to 3 patients with bronchial asthma and to 2 
patients with disseminated lupus erythematosus. The drug has been 
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given for 7-10 days in a dosage of 20 to 40 mgm. per kilogram per 


day. 


RESULTS 


Rheumatic Fever. The effect of HPC upon fever and arthritis is 
shown in table 1 and in the case reports In all cases fever subsided 


TABLE 1 
Effect of HPC upon Fever and Arthritis in Acule Rheumatic Fever 





DAYS OF FEVER 


DAYS OF 





PATIENT AFTER DRUG Sakae COMMENT 

H. M. 2 6 Smallest dose used. No relapse. 

LC. <1 <1 No relapse, 7 months. 

C. D. ° 1 * Fever promptly dropped from 103° to 100- 
101° but stayed there for weeks unaffected 
by aspirin, ACTH. Responded to removal 
of abscessed tooth. 

G. Y. 1 No relapse, 3 months. 

A. W. <1 2 Mild recrudescence at 10 days 

A. P. <1 1 Relapse, successfully retreated 

J. G. 1 1 Low grade fever for 2 weeks 

W. B. 1 1 Relapse—then treated with salicylates and 
expired. 

R.R. 1 2 Relapse 

S. G. 1 1 














Note: Dosage of HPC consisted of 20 mgm. per kilogram on the first day, and then 
10 or 20 mgm. per kilogram per day thereafter for 2 to 21 days total. 


promptly; in some patients within 6-12 hours, in all but two within 
24 hours. Two patients ran a low grade fever for weeks which may or 
may not have been due to rheumatic fever. Joint pain and tenderness 
were relieved in all instances about as rapidly as the fever, but the 
objective signs of swelling persisted for 24-48 hours in 4 cases. Sedi- 


mentation rates remained elevated during drug administration but fell 
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gradually in all except 2 cases. Marked electrocardiographic changes 
were present in 4 cases, persisted during HPC administration but re- 
verted to normal on days 1, 5, 6 and 9 respectively after stopping drug. 
Three cases have relapsed, 1 on day 5, the others on day 2. Two pa- 
tients were retreated, with a second rapid response and rheumatic fever 
activity has not recurred during 3 months observation. The third pa- 
tient became severely ill during relapse, was treated with massive doses 
of aspirin, but expired. Two patients had minor arthralgias a few days 
after stopping drug, but these subsided spontaneously. In addition, 3 
cases not listed, with myocarditis but without fever or arthritis have 
shown no dramatic change during a short course of HPC. 

Rheumatoid Arthritis. Of the 10 patients treated with HPC only 2 
cases have shown objective improvement. In 1 case this was main- 
tained for 3 months, whereupon recurrence took place, and retreat- 
ment was ineffective. Eight cases showed varying degrees of subjective 
improvement, but the beneficial effects were unlike the dramatic re- 
sponse noted in acute rheumatic fever. 

Asthma. In 2 patients, a dosage for 7 days of 20 mgm. per kilogram 
per day had no effect. In one of these ACTH later gave a prompt re- 
sponse. In one other case', a dosage of 40 mgm. per kilogram per day 
for 7 days was accompanied by moderate improvement subjectively, 
without clearing of chest signs. The effect may well have been psy- 
chogenic. 

Lupus Erythematosus Disseminatus. One patient with severe skin 
lesions showed partial clearing of these on a dosage for 10 days of 20 
mgm. per kilogram per day. On day 10, he developed fever and leu- 
cocytosis, which proved to be a drug sensitivity. A second case with 
arthritis and pleurisy had considerable improvement but not disap- 
pearance of the arthritis during a 7 day trial of drug therapy, and 
soon relapsed after cessation of HPC. 

Toxicity. Animal toxicity and pharmacology have been reported (8) 
elsewhere. HPC has been given to 80 patients. Side-effects, except for 
1 case of drug fever, have been limited to gastro-intestinal irritation. 
This consisted of nausea in 10 per cent, and vomiting or abdominal 
cramps in 5 per cent. These appeared as a rule only when the drug 


1 The authors wish to thank Dr. Frank F. Furstenberg, Sinai Hospital, for re- 
ferring this patient for treatment. 
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was taken in the fasting state, and could be obviated by taking the 
drug after a meal, with an equal amount of sodium bicarbonate. Irri- 
tation was further reduced by giving the total daily dose in 3 fractions 
as previously described. The nausea tended to disappear on continued 
administration and in no case was HPC discontinued. In addition to 
40 patients who have received 20 mgm. per kilogram per day for 2 to 
21 days, 10 patients have received 40 mgm. per kilogram per day for 
2 to 11 days. Salicylism has not been noted although 1 patient on 40 
1ugm. per kilogram per day complained of light-headedness. There has 
been no edema formation, weight gain, euphoria, hirsutism, leucopenia, 
albuminuria, nitrogen retention, anemia or bilirubinemia on any dose 
of HPC. 


DISCUSSION 


HPC promptly lowers the fever of patients with acute rheumatic 
fever, and has a marked effect upon the arthritis and malaise. In the 
dosage employed the complete termination of the attack has not oc- 
curred in all cases, since 3 patients had definite relapse, 2 patients ran 
a low grade fever after cessation of drug and 2 patients had faint evi- 
dence of transient joint involvement. The effect of HPC upon rheu- 
matic myocarditis cannot be judged from these few cases, but certainly 
there is not a rapid response such as occurs with the arthritis and fe- 
ver. 

Preliminary investigations have been made upon the mechanism of 
the effect of HPC upon rheumatic fever. One of the possible mecha- 
nisms is that HPC in some way enhances the output or activity of 
anterior pituitary or adrenal cortical hormones. Studies of urinary out- 
put of 17-keto-steroids and of eosinophile counts yielded equivocal re- 
sults and no definite conclusions can be made at this time. It can be 
said that the eosinophile counts during a course of HPC have never 
been observed to fall to zero, and in one case (No. 10) the eosino- 
philes, during a 10 day course of HPC, rose from 300 per cu. mm. to 
1500 per cu. mm. 

A second explanation for the activity of HPC is that it is an anti- 
pyretic and analgesic and has no specific action upon the rheumatic 
process. Eight patients with fever, not due to any of the “collagen 
diseases”, have been given HPC. Two patients with generalized car- 
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cinomatosis showed no change in fever on the same dosage schedule 
used for the rheumatic fever patients. One patient? with a necrotic 
carcinoma of the maxillary sinus had a prompt fall in fever on 40 mgm. 
per kilogram per day. Two children with acute leukemia ran a con- 
tinuous fever of 100-102° despite 40 and 60 mgm. per kilogram per 
day respectively. One of these children had fever of 103° on two oc- 
casions following blood transfusion in spite of a dosage of 60 mgm. 
per kilogram per day of HPC. One patient? with Hodgkin’s disease 
has shown no fall of fever while taking 40 mgm. of HPC per kilogram 
per day for 7 days. Two patients? with Hodgkin’s disease have shown 
prompt fall in temperature to normal on the same dosage. These re- 
sults do not permit a simple answer at this time to the problem of 
antipyretic effect of HPC. It can only be said that HPC has not given 
an antipyretic effect in these non-rheumatic fevers, in the dosage which 
gives a prompt response in rheumatic fever. 

Although the effect of HPC upon chronic rheumatoid arthritis was 
modest, all cases showed subjective improvement and 2 patients had 
definite objective benefit. In order to assess the degree of this effect 
upon rheumatoid arthritis, the utilization of unbiased controls, and of 
other dosage schedules is required. The patients with disseminated 
lupus erythematosus showed objective improvement while on HPC 
but the cases are too few in number to exclude the operations of 
chance. HPC did not influence the physical signs in the patients with 
chronic bronchial asthma. 

It is our impression that HPC is more effective when the total daily 
amount is given as a single dose or as quickly as possible within the 
limitations imposed by gastric irritation, than when spread over the 
greater portion of the day. Sodium bicarbonate will help to allay the 
gastric irritation without interfering with absorption. Aluminum hy- 
droxide gel has been avoided because of its ability to adsorb acids. 
The dosage which is being used at present in acute rheumatic fever 
is 20 mgm. per kilogram per day for 7-14 days. HPC is insoluble in 
aqueous solutions and quite bitter, and for those children unable to 
take capsules, administration of the powder suspended in heavy choc- 
olate syrup has been satisfactory. 


2 The authors wish to thank Dr. E. B. Schoenbach for his aid in studying these 
four patients. 
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SUMMARY 


1) 3-Hydroxy-2-phenylcinchoninic acid has rapidly controlled the 
fever, malaise and arthritis of 10 patients with severe acute rheumatic 
fever. 

2) HPC has a definite effect on chronic rheumatoid arthritis. Eight 
patients had subjective relief, and two patients had both objective 
and subjective benefit. 

3) HPC is possibly active in lupus erythematosus disseminatus. 

4) HPC has shown, in the dosage tried, no objective effect upon 
patients with bronchial asthma. 
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APPENDIX 


CASE REPORTS OF ACUTE RHEUMATIC FEVER 


No. 1. H. M., J.H.H. No. 507054. A 38 year old white male admitted July 9, 
1949, had a 4 week history of malaise and arthralgias. Four days before admission 
the right ankle became painful, red and swollen. Aspirin in a dose of 8.0 grams per 
day gave slight relief. He had a fever of 102.2° F (rectal) and appeared acutely 
ill. There was cardiac enlargement and mitral stenosis. The right ankle was red, 
tender, tense with fluid. The white blood count was 10,000 per cu. mm. and the 
sedimentation rate 25 mm/hr (Wintrobe method). He was given aspirin in a dose 
of 5.0 grams daily during July 9-12. His temperature fell to 99.6° F and the joints 
returned to normal. Aspirin was discontinued on July 13, and in 24 hours fever 
and arthritis of the right ankle returned. He received 20 mgm. of HPC per kilo 
on July 19 and again on July 21. The fever and joint pain abated in 36 hours, and 
the swelling of the joint slowly regressed over a period of 6 days. There has been 
no relapse up to Nov. 25, 1949. 

No. 2. I. C., J.H.H. No. 438349. A 24 year old white girl with a past history 
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of rheumatic fever was admitted July 22, 1949, with a 3-month history of fever 
and polyarthritis. Aspirin in a dose of 5.4 grams per day had produced salicylism 
and slight relief of her symptoms. Her temperature was 102.6° F (rectal). The 
right ankle, knees, left elbow and wrists were red, swollen and tender. The heart 
was enlarged and showed both aortic insufficiency and mitral stenosis. The white 
blood count was 8,300 per cu. mm. and the sedimentation rate was 41 mm/hr 
(Wintrobe). She was given 20 mgm. of HPC per kilo on July 25, and 10 mgm. 
per kilo per day for the next 4 days. Four hours after the first dose her tempera- 
ture had fallen to 99.6° F and the pain in the joints had subsided. Thirty-six hours 
after the first dose her rectal temperature rose to 100° F, but was normal there- 
after. The swelling in the joints disappeared in less than 24 hours. She had had 
no relapse when last seen on Feb. 16, 1950. Her sedimentation rate remained 
elevated throughout August, but when seen in the OPD in October, it was 12 
mm /hr. 

No. 3. A. P., J.H.H. No. 348935. A 28 year old colored girl with no past his- 
tory of rheumatic fever was admitted on Nov. 15, 1949. Sore throat one month 
previously had been followed in two weeks by pains in hips, knees and ankles. 
Four days before admission she had palpitation and substernal tightness, and a 
fever of 101° F (rectal). One day before admission she developed red, painful, 
swollen knees. Her temperature was 102.6° F, and the cardiac rhythm was grossly 
irregular. The white blood count was 13,800 per cu. mm. and the sedimentation 
rate 39 mm/hr (Wintrobe). The electrocardiogram showed complete heart block. 
She was given HPC in a dose of 20 mgm. per kilo on Nov. 16, and 10 mgm. per 
kilo per day for 4 days. Seven hours after the first dose the joints were less pain- 
ful and the temperature was 98.6° F. In 24 hours the joints appeared normal. The 
electrocardiogram was followed daily and revealed normal rhythm for the first 
time on Nov. 25. On Nov. 26, she again developed fever, joint pain and swelling. 
She was treated again from Nov. 28 through Dec. 2 with the same dosage, again 
with prompt alleviation of fever and symptoms. She was last seen on Feb. 21, 
1950, and had had no recurrence. The sedimentation rate remained elevated, but 
had reached 16 mm/hr on Jan. 17. 

No. 4. A. W., J.H.H. No. 519319. A 53 year old white female was admitted on 
Oct. 28, 1949, complaining of painful and swollen joints for 3 weeks. She was always 
well until 5 weeks before admission when she had a respiratory infection with 
fever. Three weeks before admission she developed pain and swelling of left ankle 
and knee; later the right foot, ankle and knee were similarly involved. She felt 
feverish and was seen by her doctor who gave her aspirin in unknown amounts 
without relief. One week before entry, the joints of the fingers, hand, wrist and 
elbow of the left and then the right arm became swollen, hot and tender. Exam- 
ination showed an acutely ill woman with fever of 103° F (rectal). The joints of 
all extremities, especially the wrists, elbows and knees, were hot, swollen and 
exquisitely tender. The heart was not enlarged but there was a systolic apical 
murmur. The white blood count was 10,000 per cu. mm., the sedimentation rate 
46 mm/hr (Wintrobe) and the electrocardiogram was normal. The patient was 
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given HPC on Oct. 28 at 6:30 P.M., in a dosage of 20 mgm. per kilo, and 10 mgm. 
per kilo daily for the next four days. At 8 P.M. of Oct. 28, the temperature had 
fallen to 99.5° F. The patient fell asleep without noting much improvement in the 
joints, but when she awakened at 7 A.M. on Oct. 29, all joints could be moved 
painlessly. The physical appearance of the joints began to change on Oct. 30, and 
by Nov. 1 was normal. The rectal temperature stayed below 99° F while receiving 
drug. After cessation of drug there was an occasional rise to 100° F, and on Nov. 8 
there was tenderness and slight swelling of the left wrist. This subsided in 48 hours 
without treatment. She was discharged well on Nov. 17, 1949. Her sedimentation 
rate was 50 mm/hr on Nov. 10, 1949, 21.0 mm/hr on Nov. 28, and 10 mm/hr on 
Dec. 20. When last seen on Feb. 21, 1950, she had had no recurrence. 


No. 5. C. D., J-H.H. No. 499033. This 15 year old colored male was admitted 
on Nov. 11, 1949, with the complaint of pain in the legs. Five years before, he had 
had acute rheumatic fever with myocarditis, which left him with aortic insuff- 
ciency. Two weeks before admission, he had a respiratory infection, followed 10 
days later by abdominal pain, nose bleeds, and polyarthritis. One day before 
admission, he developed a painful swollen left ankle, and on the next day had pain 
and swelling of the right knee and ankle and left knee. Examination revealed an 
acutely ill boy with a rectal temperature of 103.6° F and evidence of aortic in- 
sufficiency. Both knees and ankles were red, hot, swollen and severely tender. The 
white blood count was 11,700 per cu. mm., and the sedimentation rate was 32 
mm/hr (Wintrobe). The electrocardiogram showed complete A-V dissociation. 
The urine contained 2+ albumin and 10-15 red blood cells per high power field. 
On Nov. 12, the patient was given 20 mgm. of HPC per kilo, 10 mgm. per kilo 
on Nov. 13 and 14, and 20 mgm. per kilo on Nov. 15 and 16. The temperature 
dropped from 104° F to 100.2° F. Pain disappeared within 24 hours, and the 
physical appearance of the joints improved gradually until they were completely 
normal on Nov. 16. The electrocardiogram continued to show complete heart 
block, until Nov. 25 when it showed only a wandering pacemaker. On Nov. 28, 
the electrocardiogram was normal. He became completely asymptomatic on Nov. 
14, but continued to run a fever up to 101.2° F while on HPC. From Nov. 21-26, 
he was given aspirin 5.0 grams daily, with no appreciable effect on the fever. From 
Dec. 2-6, he was given a second course of HPC, 20 mgm. per kilo per day. The 
temperature dropped from 102° F to 100° F, and stayed between 99° F and 100° F 
even after cessation of HPC. From Dec. 14 to Dec. 17, the patient received ACTH, 
25 mgm. q. 6 H, but the rectal temperature continued to rise to 100° F. About this 
time an abscessed tooth was noted, and after extraction plus penicillin his tem- 
perature never rose above 99° F. The sedimentation rate remained between 20 
and 30 mm per hour during the hospital stay, and was 20 mm/hr on Dec. 21. 
The patient was put on aspirin 8.0 grams daily on a return visit to the OPD, 
although there was no fever or joint symptoms. This has since been discontinued 
and he had remained completely well when last seen on Feb. 20, 1950. The sedi- 
mentation rate was 14 mm/hr on Jan. 30, and 1.0 mm/hr on Feb. 20. 
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No. 6. G. Y., J.H.H. No. 521271. This patient was a 14 year old colored boy 
who was admitted on Nov. 18, 1949, with a history of anterior chest pain. Two 
years before, he had acute rheumatic fever, and continued to have a systolic apical 
murmur after recovery. Two weeks before admission, he had a cold. Two days 
before admission, he developed dull precordial aching, shortness of breath, anorexia 
and nausea. On the day of admission he complained of pain in the left elbow and 
knee. Examination showed a moderately ill boy with a rectal temperature of 
101.8° F. There was no arthritis. A pericardial friction rub and a systolic apical 
murmur were present. The white blood count was 12,500 per cu. mm., the sedi- 
mentation rate was 25 mm/hr (Wintrobe) and the electrocardiogram showed in- 
terference dissociation. On Nov. 19, he was given 20 mgm. of HPC per kilo, and 
10 mgm. per kilo for the next 6 days. His temperature came to 98.6° F within 
24 hours. The pericardial rub disappeared and he felt completely well. The elec- 
trocardiogram showed nodal rhythm on Nov. 21 and normal rhythm on Nov. 25. 
The sedimentation rate was 34 mm/hr on Nov. 25, 13 mm/hr on Dec. 12, and 5 
mm/hr on Feb. 6, 1950. In the follow-up in February, 1950, he gave a history of 
transient swelling of the right knee during January, without other symptoms. The 
swelling subsided without treatment. 


No. 7. J. G., Mercy Hospital* No. 34021. This patient was a 12 year old white 
boy who was admitted on Nov. 16, 1949, with a chief complaint of fever and leg 
pains. There was no past history of rheumatic fever. Ten days before admission, 
he had a sore throat. This was followed in a week by fever, and severe pain in the 


knees, and groin. The physical examination showed a fever of 101.6° F. The knees 
were tender to touch but not swollen or hot. The heart was not enlarged and there 
was a systolic apical murmur. The white blood count was 11,550 per cu. mm., 
the hemoglobin was 10.5 grams per 100 cc., and the sedimentation rate 30 mm/hr 
(Wintrobe). The electrocardiogram showed a P-R interval of 0.21 seconds. On 
Nov. 19, he was given 20 mgm. of HPC per kilo. He received 10 mgm. per kilo on 
the 20th and 21st and 20 mgm. per kilo on the 22nd. Fever, malaise and joint pain 
disappeared within 12 hours. After stopping drug he ran a temperature of 99- 
100° F (rectal) for two weeks. He was discharged completely well on Dec. 15. The 
P-R interval was 0.19 seconds on Nov. 26, and the sedimentation rate remained 
elevated. Further follow-up has not been possible. 


No. 8. R. B., Mercy Hospital* No. 96054. This patient was a 6 year old white 
boy who was admitted on Nov. 26, 1949, with fever and painful swelling of toes 
and fingers. There was no previous history of rheumatic fever. One week before 
admission he had a respiratory infection. Three days later he had diffuse arthral- 
gias, and on the day of admission had swollen, painful toes and fingers. Examina- 





* The authors wish to thank Dr. Maurice C. Pincoffs, University of Maryland, 
and Dr. Edgar Friedenwald, Mercy Hospital, for their help in treating cases 
No. 7 and 8. 
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tion showed a severely ill child with a rectal temperature of 101.2° F. There was 
an apical systolic murmur, but no cardiac enlargement. The fingers were red, 
swollen and tender. The white blood count was 13,000 per cu. mm. and the sedi- 
mentation rate was 28 mm/hr (Wintrobe), and the electrocardiogram showed a 
P-R interval of 0.18 seconds. He was in the hospital 3 weeks before receiving HPC 
and ran a temperature between 102—104° F. He was given HPC in a dose of 20 
mgm. per kilo per day from Dec. 15 through Dec. 20. Within 12 hours, after start- 
ing HPC the temperature came to normal, and the painful joints subsided. During 
the last 2 days of HPC therapy, his fever went to 100° F. Two days after stopping 
HPC, fever again rose to 104° F and the arthritis returned. He was then given 
massive doses of sodium salicylate but expired a week later, with severe cardiac 
failure. 


No. 9. H. L. H., No. A 76517. This patient was a 10 year old white boy who 
was admitted on March 3, 1950, with fever and joint pains. He had acute rheu- 
matic fever at age 6. Two weeks before admission he had a sore throat, followed 
10 days later by malaise, pain in the left ankle, and fever. Three days before ad- 
mission, he had a nose bleed. He was given aspirin 0.3 gram q. 4 h. for one day 
without effect. In the 48 hours before admission the wrists and elbows became 
painful. Examination showed an acutely ill boy with a rectal temperature of 104° 
F. He had great pain on moving his extremities. The ankles were red and hot but 
not swollen. The left wrist was swollen and tender. The heart was not enlarged, but 
there was a gallop rhythm and the sounds were of poor quality. The white count 
was 23,200 per cu. mm., the sedimentation rate was 26 mm/hr (Wintrobe) and the 
electrocardiogram showed a P-R interval of 0.2 seconds. He was given 20 mgm 
of HPC per kilo per day starting on March 4, at 11 P.M. and extending through 
March 24. Fourteen hours after starting HPC, the joints were much less painful 
and in 24 hours they were asymptomatic. The temperature was 100.2° F in 24 
hours and 98.6° F in 36 hours. On March 8, the temperature rose to 99.6° F but 
has not been above 98.6° F since then. The sedimentation rate, cardiac findings, 
and electrocardiogram have not changed. The patient is still under observation 
on the ward. 


No. 10. R. R., J.H.H. No. 530098. This patient was a 38 year old white male 
and was admitted on Feb. 27, 1950, with a four month history of malaise and 
aching in his ankles. Five weeks before admission he had acute pain in the lower 
back. Three weeks before admission he suddenly developed painful, swollen, hot 
ankles, knees, elbows and wrists, and pain in both shoulders. There was moderate 
malaise and fever. He took 2-3 grams of aspirin daily with partial relief of joint 
pain and swelling. One week before admission he developed a red swollen right 
hand, which gradually subsided. In the 5 days before admission, he again devel- 
oped pain and limitation of motion of shoulders, wrist, and ankles. Examination 
showed an uncomfortable man, not acutely ill, with a rectal temperature of 99.8° F. 
There wa: limitation of motion and tenderness of shoulders, but no swelling or 
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redness. The heart was negative. The white blood count was 11,900 per cu. mm., 
the sedimentation rate was 28 mm/hr (Wintrobe) and the electrocardiogram re- 
vealed a P-R interval of 0.21 seconds. The salicylates, which he had taken up to 
admission, were stopped and he had during the next 48 hours the appearance of 
red, hot, painful, swollen hands and feet. His temperature rose to 101.4° F on 
March 2. On March 2 and 3, he was given a trial on an analogue of HPC, with 
reduction in fever, but little change in the arthritis. On March 4, he was given 
HPC in a dosage of 20 mgm. per kilo per day, and this dosage was continued 
through March 12. Within 12 hours, the patient had disappearance of joint pain 
and swelling of feet and left hand. The right hand remained swollen and somewhat 
painful. The right hand improved with the next 24 hours, but the shoulders re- 
mained painful. There was gradual improvement in the shoulders and on March 9 
he was completely free of joint pain. His temperature was 101° F on March 3, 
99.8° F on March 4, and normal thereafter. On March 12, the day HPC was dis- 
continued, he developed diarrhea and fever of 101° F. Several other patients on 
the ward had the same symptoms. Twenty-four hours after stopping drug, the 
patient complained of stiffness of the joints. This gradually increased so that on 
March 17, he again had a swollen painful right hand, and his temperature rose 
to 101° F. He was treated again with HPC from March 18 through March 28, 
at first in a dosage of 20 mgm. per kilo per day, and then 40 mgm. per kilo per 
day. He again had rapid subsidence of fever and arthritis, and has had no recur- 
rence during the week following cessation of drug. The sedimentation rate was 
20 mm. per hour on March 28. 
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One of the most reliable methods of demonstrating the syphilitic 
origin of a disease process is the isolation of living Trepenoma pallidum 
by means of animal inoculation. This procedure can readily be ac- 
complished with the body fluids and from superficial lesions of pa- 
tients with primary and secondary syphilis. Thus, treponemes- have 
been demonstrated by this method in the cerebrospinal fluid and semen 
of between 15 and 20 per cent of patients with early syphilis examined 
by a number of investigators (1, 14) and have also been isolated from 
the blood, tears, milk, urine and joint fluid (3, 6, 7, 14) as well as skin 
lesions, mucous patches, and lymph nodes (15, 19) of such patients. 

Although many attempts have been made to isolate T. pallidum 
from the body fluids of patients with late or latent syphilis, Kemp in 
an exhaustive review (14) was able to find reports of only one instance 
of successful isolation from the semen (5) and occasional instances 
from the blood and cerebrospinal fluid of patients with syphilis of over 
two years duration. On the other hand, isolation of T. pallidum from 
superficial parenchymal lesions of patients with late or apparently 
latent syphilis has frequently been accomplished. Thus, there are 
several reports of successful rabbit inoculation with lymph nodes of 
such patients (4, 5, 10, 15) and one from a gumma of skeletal muscle 
(12). Furthermore, 7. pallidum can readily be recovered from visceral 
organs such as the liver, spleen, brain, testis, uterus, ovary, and heart 
of experimentally infected rabbits (2, 21), mice (3), and golden ham- 
sters (20). 

It would, therefore, be anticipated that T. pallidum could be iso- 
lated from visceral organs of patients with late or latent syphilis. 
This procedure, however, has rarely been accomplished, due, perhaps, 
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to the relative inaccessibility of these organs in the human. The authors 
have been able to find only three reports of successful rabbit inocula- 
tion with visceral organs of patients with tertiary syphilis: one from 
the brains of six patients with general paresis (22), a second from the 
stomach of a patient with gastric syphilis (11), and a third from the 
aorta of a patient with cardiovascular syphilis (13). In the first two 
reports, portions of the organs were removed from the living patients 
at operation; in the third the specimen was obtained thirty-two hours 
postmortem. The authors have been unable to find any reported in- 
stance of the isolation of T. pallidum from the liver of a patient with 
either early or late syphilis. 

Reports, therefore, are submitted of two patients, the one with 
tertiary and the other with secondary syphilis, from the livers of whom 
T. pallidum was isolated by rabbit inoculation. In addition, a patient 
with tertiary syphilis of the stomach is reported, from an abdominal 
lymph node of whom T. pallidum was also isolated by this method. 


CASE I 


W. M. (J.H.H. #475236), a forty-one year old single colored porter, entered 
the hospital December 12, 1948, complaining of “bloating of the stomach” of six 
years’ duration. Except for the consumption of about one fifth of whisky daily 
for the previous twenty years and a poor dietary intake, the past history was non- 
contributory. 

He vaguely recalled a penile lesion that he could not date. In a selective service 
examination seven prior to admission, a serologic test for syphilis had been reported 
positive. The patient, however, received only three injections in the buttocks. 
Six years before admission he noted the onset of epigastric distress, occurring 
chiefly after eating fatty foods, nausea, and periods of abdominal distention lasting 
several days. He also developed a profuse, foul-smelling nasal discharge. Four 
years before admission, after vigorously blowing his nose, he discovered his nasal 
septum on his handkerchief. Following that episode, the nasal discharge gradually 
diminished, but the patient lost all sense of smell. He developed slight exertional 
dyspnea, but no orthopnea. Despite all of these symptoms, which persisted and 
progressed, and a weight loss of over twenty pounds, he remained surprisingly un- 
concerned and finally sought medical attention only because of an incidental 
fracture of the left humerus. 

Physical examination revealed a markedly emaciated, but comfortable little 
man with a protuberant abdomen. Temperature was 98.2° F. by rectum, pulse 100, 
respirations 20, and blood pressure 105 systolic and 70 diastolic. The skin was 
thin, dry, loose and finely wrinkled, giving him the appearance of advanced age. 
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[here were no spider angiomata or liver palms. Axillary hair was soft and sparse, 
and the pubic hair had a female distribution. Pupils and optic fundi were normal. 
The nose was saddle-shaped and the septum was absent. There was a foul-smelling 
discharge. The chest was clear except for dullness and suppressed breath and 
voice sounds low in the right axilla. The heart was slightly enlarged, but other- 
wise normal. Mediastinal dullness extended four centimeters to the left of the 
midsternal line in the first and second interspaces. The abdomen was massively 
distended, with bulging flanks, diastasis recti, shifting dullness, and a fluid wave. 
Che liver was palpable eight centimeters below the right costal margin in the 
nipple line; its surface was firm and non-tender and contained several lemon sized 
nodules. There were no other abdominal organs palpable and there were no masses. 
\part from slight pitting edema of both ankles, more marked on the left, the 
remainder of the physical examination was not remarkable. 

Laboratory findings: Blood Wassermann and Eagle flocculation tests were 
positive, the latter in dilution titers of 96 to 256 units on multiple determinations. 
The red blood cell count was 3.64 million, hemoglobin 14.2 Gm. per cent, hematocrit 
39.5. White blood cell count was 4,000 with a normal differential. Stool was guaiac 
4 plus; no parasites were seen. Urinalysis was normal except for the urobilinogen 
test, which was positive in a dilution of 1:80. The total serum protein was 4.8 
Gm. per cent with an albumin of 1.8 and a globulin of 3. The thymol turbidity 
test was 9 units; the cephalin flocculation test was 0. Total serum bilirubin was 
less than 0.8 mg. per cent, but there was slight bromsulphthalein retention. The 
serum alkaline phosphatase was 13 units. Serum calcium and phosphorous and 
blood N.P.N. levels were normal. Fluoroscopy and X-ray of the chest revealed an 
aneurysm of the descending aorta and pleural thickening and effusion at the right 
costophrenic angle. There were several amorphous calcifications in the right upper 
quadrant in abdominal films (Fig. 1) and these were thought to be in the liver. 
Gastrointestinal series and barium enema revealed no abnormalities other than 
pressure changes due to the large liver. 

Course: The patient was given a high protein, high carbohydrate, moderate 
fat diet, with added choline, yeast, and vitamins. Except for two readings of 
100.4° F., and 100.8° F., by rectum, the temperature was normal. The stools 
rapidly became guaiac negative. On November 2, 1948, under sodium pentothal 
anesthesia, a laparotomy was performed by Dr. Richard F. Kieffer. The liver 
was markedly enlarged and composed of large, dark red lobules, separated by 
deep fissures or scars. Imbedded in several of these lobules were marble-sized 
cream-colored nodules, having the consistency of hard rubber. One of these nodules 
was excised and a specimen of one of the scarred areas was obtained. Microscopic 
examination of the nodule revealed multiple foci of necrosis and chronic inflam- 
matory changes which were interpreted by Dr. A. R. Rich as being consistent with 
gummata (Fig. 2). There were also areas of scarring. Portions of both specimens 
were sent to the Department of Bacteriology of The Johns Hopkins School of 
Hygiene and Public Health. 
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Immediately following the operation, the patient was started on penicillin, 
100,000 units intramuscularly every three hours for a total of six million units. 
On the day after operation, eighteen hours after the first dose of penicillin, the 
temperature rose to 101.2° F., by rectum. There was nothing else to suggest 


a Herxheimer reaction. Following the course of penicillin the patient was given 





Fic. 1. X-ray showing areas of calcification in the liver of a patient with gum 
mata of the liver from which 7. pallidum was isolated by means of animal inocu 
lation. 


saturated solution of potassium iodide, a total of 85 cc. over a twelve day period. 
Dietary therapy and vitamin supplements were continued as before. During the 
first month after institution of penicillin, the patient suffered from severe dis 
tention and rapid accumulation of right sided pleural effusion and ascites. Thess 
symptoms gradually subsided, however, with the aid of mercurial diuretics and a 
low salt diet. The liver gradually decreased in size, until upon discharge on January 


> 


3, 1949 it extended only + cm. below the right costal margin in the nipple line 
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llin, Following discharge, the patient was treated in the Out-Patient Department for a 
its, five month period. His condition remained essentially unchanged, although 
the mercurial diuretics were no longer required to keep him relatively free of ascites 
sest and ankledema. The liver did not diminish in size. Serial liver function studies 
ven revealed a prompt return to normal of the bromsulphthalein excretion and thymol 


turbidity tests. The original reversal of the albumin globulin ratio slowly returned 





n- 
. Fic. 2. The microscopic appearance of a typical section of the liver, dem 
onstrating miliary gummata. 

dL. to normal and there was a gradual fall in the serum alkaline phosphatase to 10.5 
= units. 

ti Animal inoculation of biopsy specimens: Two pieces of liver tissue were available 
~ for animal inoculation, as stated above. The small whitish nodule was cut into 
- bits and ground in a mortar with 0.7 ml. of 10 per cent rabbit serum in physio- 
. 


logical saline solution. Extensive darkfield examination of this emulsion failed to 
reveal T. pallidum. Because of the small amount of material available, the entire 
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emulsion was injected into the right testis of one rabbit. This animal was examined 
twice weekly thereafter. On the fifty-seventh day after inoculation, the right 
testis was observed to be slightly firm and to contain a small nodule in its mid 
portion. Upon removal of the testis, it was observed to contain a nodule composed 
of firm, hyaline-like tissue characteristic of syphilis. An emulsion of this tissue 
showed, on darkfield examination, a number of motile spirochetes typical of T. 
pallidum. This material was passed to the testes of three rabbits, which in turn 
developed testicular lesions between the thirtieth and fortieth days after inocula 
tion. T. pallidum was demonstrated in two of the animals, and the strain has been 
perpetuated by repeated animal passage. 

The piece of cirrhotic liver tissue was similarly emulsified in serum-saline, and 
1.0 ml. of the emulsion was inoculated into the right testis of each of two rabbits. 
The animals were examined twice weekly for ninety days, but no lesions developed 
in either. 


CASE Il 


H. W. (J.H.H. #347987), a twenty-five year old single colored girl, was ad 
mitted to the hospital January 16, 1948 complaining of vomiting of three weeks’ 
duration. Between March 9 and March 19, 1946, twenty months before admission, 
she had been treated for a darkfield positive cervical chancre with 2,400,000 units 
of penicillin, 240 mg. of mapharsen, and 500 mg. of bismuth. Clinical recovery 
had accompanied reversal of the blood Wassermann reaction, and five months 
later blood and spinal fluid Wassermann reactions were negative. Past history 
was otherwise not remarkable. 

Three weeks before admission, the patient noticed dusky red pruritic nodules 
on her arms. These lesions rapidly appeared in a random manner over her entire 
body including the palms and soles. At the same time, she lost her appetite com 
pletely and began to vomit several times a day. She observed a few fleeting pains 
in the knees and shoulders. Twelve days before admission, she noticed ‘dark 
urine’ and crampy epigastric pain, sometimes relieved by belching or vomiting. 
One week later her eyes became yellow and her stools light colored. The skin 
lesions had become flat and brown and seemed to be fading, but because of con 
tinued digestive symptoms she came to the hospital and was admitted on January 
16, 1948. 

Physical examination revealed a well-developed, but poorly nourished, de 
hydrated, jaundiced colored girl whose skin was generally spotted with scaling, 
brown, dime-sized macular lesions. Temperature was 100° F., by rectum, pulse 90, 
respirations 20, and blood pressure 110 systolic and 70 diastolic. Epitrochlear, 
axillary, inguinal and posterior cervical lymph nodes were pea-sized and non 
tender. The pharynx, tonsils, conjunctivae, and lacrimal glands were diffusely 
injected. There were no mucous patches. Pupils and optic fundi were normal. 
Heart and lungs were normal. The liver edge was firm and slightly tender two 


fingers’ breadth below the right costal margin in the midclavicular line. The spleen 
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was palpable and non-tender just below the left costal margin in deep inspiration. 
There were multiple shallow ulcers on the labia minora. The remainder of the ex- 
amination was entirely negative. 

Laboratory findings: The blood Wassermann reaction was positive and the Eagle 
flocculation test was positive in a titer of 256 units. Darkfield examination of the 
genital ulcers revealed numerous T. pallida. Spinal fluid was normal. Red blood 
cell count was 4.7 million, hemoglobin 14 Gm. per cent, hematocrit 44. White 
blood cell count was 7,700 with a normal differential. Stool and urine examinations 
were not remarkable except that the latter showed a trace of bile and urobilinogen 
in 1:160 dilution. Liver function studies showed a total serum protein of 8 Gm. 
per cent with an albumin of 4 and a globulin of 4. The thymol turbidity test was 
30 units and the cephalin flocculation test was 4 plus. The total serum bilirubin 
was 20 mg. per cent and the serum alkaline phosphatase was 9 units. 

Course: On bedrest and a high calorie, high protein diet the patient improved 
considerably during the first week. The fever, vomiting and epigastric distress 
subsided and the jaundice greatly decreased. The total serum bilirubin fell to 
5 mg. per cent and the serum albumin and globulin levels returned to normal. On 
the fourth hospital day a punch biopsy of the liver was performed by Dr. Richard 
C. Clay and a simultaneous specimen of venous blood was taken. Pathological 
examination by Dr. R. H. Follis revealed foci of necrosis. Darkfield examination 
of the tissue showed no spirochetes, nor did a Warthin-Starry stain of formalin- 
fixed tissue by the Army Institute of Pathology. A specimen of the liver and the 
specimen of venous blood were sent to the Department of Bacteriology of The Johns 
Hopkins School of Hygicne and Public Health. 

Immediately following the punch biopsy the patient was started on penicillin, 
50,000 units every three hours for a total of 5,000,000 units. The cutaneous, 
mucosal, and glandular manifestations of syphilis cleared within one month. The 
signs and symptoms of hepatitis continued to improve, so that by the time of 
discharge seven weeks after admission she was no longer jaundiced and felt entirely 
well. Her spleen was not papable, but the liver had not decreased in size. The 
tip of the liver could still be felt when the patient was last seen in the Out-Patient 
Department three months later. The thymol turbidity and cephalin flocculation 
tests were still elevated and the serum alkaline phosphatase was 8 units. 

Animal inoculation of biopsy specimen: A small piece of the liver tissue obtained 
by punch biopsy was emulsified in physiological saline and injected into the right 
testis of one rabbit. Darkfield microscopic examination of the material revealed 
no T. pallida. Into each testis of another rabbit was injected 1.0 ml. of the patient’s 
blood serum obtained at the same time as the biopsy specimen. Both animals 
were examined twice weekly. On the fifty-fifth day after inoculation the rabbit 
which had been inoculated with an emulsion of liver tissue showed characteristic 
syphilitic induration in the body of the inoculated testis. Upon removal and 
emulsification of the testis many actively motile T. pallida were demonstrated by 
darkfield microscopic examination, and passage to the testis of two other animals 
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gave rise to typical syphilitic orchitis after an incubation period of eighteen days, 
The strain has subsequently been carried through a number of animal passages. 

The rabbit inoculated with blood serum from the patient developed no testicular 
lesions within ninety days after inoculation. Transfer of an emulsion of testes 
and popliteal lymph nodes of this animal to two normal rabbits failed to give 
rise to lesions within an observation period of ninety days. 


CASE 1! 


C. C. (J.H.H. #486390), a forty-four year old colored housewife, was admitted 
to the surgical service January 17, 1949, complaining of nausea, vomiting, and 
epigastric pain of one year’s duration. The past history was non-contributory. 

One year before admission the patient developed anorexia, and frequently 
experienced vomiting, accompanied by crampy epigastric pain between thirty 
minutes and six hours after eating. These symptoms progressed during the ensuing 
two months, until she was able to retain nothing other than fruit juices. Suddenly, 
and apparently spontaneously, the symptoms regressed and almost totally dis- 
appeared, only to recur between March and August, 1949, and again one month 
before admission. At the time of admission, the patient was able to retain only tea 
and toast. At no time did she suffer from dysphagia, hematemesis, or melena. 

Physical examination revealed a moderately dehydrated colored woman with 
evidences of profound weight loss. The temperature was 99.2° F., pulse 80, respi- 
rations 18, blood pressure 130/100. The pupils reacted to light and convergence. 
The nasal septum was intact. The trachea was in the midline and there was no tug. 
No supraclavicular lymph nodes could be felt. Lungs were clear and resonant 
throughout. The heart was slightly enlarged and the second sound was accentuated 
in the aortic area, but there were no murmurs. The abdomen was soft and flat and 
an indefinite, slightly tender mass could be felt in the left upper quadrant. Pelvic 
and rectal examinations were normal. Neurological examination disclosed ulnar 
weakness distal to a healed cut on the left wrist, moderate generalized weakness 
of the left arm, and diminished knee and ankle jerks on the right. 

Laboratory findings: The blood Wassermann reaction was positive in a titer 
of 512 units. Spinal fluid was normal. Red blood cell count was 4.18 million, 
hemoglobin 10.3 Gm. per cent. White blood cell count was 4,000, with 56 per 
cent polymorphonuclear cells, 32 per cent lymphocytes, 2 per cent eosinophiles, 
and 10 per cent monocytes. The urine contained a small amount of protein, oc- 
casional clumps of white cells, and rare red cells. Stool was brown, with a four- 
plus benzidene test for occult blood. N.P.N. was normal. Gastroduodenal x-rays 
disclosed narrowing the elongation of the pylorus, the walls of which were smooth 
and did not permit peristalsis. 

Course: Although the intermittent nature of the symptoms, together with the 





1 This patient was studied and treated by Drs. Richard C. Clay and Thomas 
N. P. Johns, to whom we are grateful for permission to publish this case report. 
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strongly positive serological reaction, were very suggestive of syphilis of the 
stomach, it was believed that the possibility of a malignant process and the ex- 
tremely debilitating nature of the present symptoms necessitated an operation. 
On January 20, 1949, a laparotomy was performed by Dr. Richard C. Clay. The 
stomach, when opened, was found to be filled, in its distal portion, with an ill- 
defined, boggy, mass apparently inflammatory in nature. The pylorus was almost 
entirely blocked by a firm, diaphragm-like, annular constriction, which barely 
permitted the passage of the tip of a Kelly clamp. A generous specimen of the 
boggy mass was obtained and a posterior gastroenterostomy was performed. The 
surface of the liver was found to be indented with three stellate scars, a portion 
of one of which was removed. Finally, a large succulent lymph node in the gastro- 
colic ligament was found and removed. Unfortunately, the stomach specimen was 
inadvertently dropped into formalin. It was soon retrieved, however, and portions 
of the three specimens were sent to the Department of Bacteriology of The Johns 
Hopkins School of Hygiene and Public Health and to the Department of Pathology 
of The Johns Hopkins Hospital. 

Microscopic examination of the stomach was performed by Dr. R. H. Follis. 
Several superficial ulcerations were seen, together with large submucosal lymph 
follicles and diffuse round cell infiltration, predominantly plasma cells, and chiefly 
in the peri-vascular areas. There was also considerable periportal round cell 
infiltration in the liver, and perihepatic scarring. The follicles of the lymph node 
were very prominent, there was lymphoid and plasma cell infiltration, and at one 
point scarring of the capsule was seen. 

On the day after operation the patient was started on penicillin, 800,000 units 
per day, which was continued until a total of 9 million units had been adminis- 
tered. Twenty-four hours after the first injection, the temperature rose to 103° F., 
indicating, it is believed, a Herxheimer reaction. Postoperative course was otherwise 
uneventful. The patient was able to eat a soft diet ten days postoperatively, and 
was discharged shortly thereafter. During the eleven months since discharge, 
she has gained 62 pounds in weight and felt well, except for occasional epigastric 
distress and vomiting after eating particularly large meals. Repeated gastro- 
duodenal x-rays disclose normal functioning gastroenterostomy, but the filling 
defect on the lesser curvature of the stomach has not changed significantly in 
contour and completely obstructs the pylorus. 

Animal inoculation of biopsy specimen: A generous portion of stomach tissue 
was received; unfortunately, the tissues has been partially fixed in formalin. 
Nevertheless, each of two rabbits was inoculated in the right testis with 1.0 ml. 
of an emulsion of the tissue in saline, and in the left testis with one-third that 
amount. No lesions developed in either animal during an observation period of 
ninety days. 

A portion of the lymph node from the gastrocolic ligament was emulsified in 
physiological saline solution. Darkfield examination of the emulsion failed to 
reveal 7. pallidum. Four-tenths ml. of the emulsion was inoculated into one testis 
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of each of two rabbits. Both animals developed small nodules in the inoculated 
testes, one after an incubation period of thirty-three days, and the second after 
thirty-seven days. Within a few days each testis was the site of a typical syphilitic 
orchitis, in which T. pallidum was demonstrated in abundance, and similar lesions 
were produced in a second passage to two animals. 

A piece of liver tissue was similarly emulsified and 0.4 ml. inoculated into one 
testis of each of two rabbits. No lesions developed in the inoculated testes during 
an observation period of ninety days. 


DISCUSSION 


The three cases reported above illustrate the practicability of the 
clinical application of the rabbit inoculation technic. The first case 
(W.M.) was clearly one of syphilis of the liver. The coincidence of an 
aortic aneurysm, absent nasal septum, and positive serologic test for 
syphilis strongly suggested the diagnosis on clinical grounds. Although 
gummata do not commonly calcify, this has previously been reported 
to occur (16). The pathologic picture was compatible with multiple 
gummata of the liver. The clinical response to antisyphilitic therapy, 
commonly considered as one of the major diagnostic criteria of this 
disease (9), cannot be relied upon in this case in view of the equivocal 
response to treatment. Liver damage due to causes other than syphilis, 
as suggested by the history of poor nutrition and alcoholism, may have 
prevented this patient from enjoying the excellent response to penicillin 
which has been reported in two previous cases of tertiary syphilis of 
the liver (18). 

The diagnosis of hepatic syphilis in the second case (H.W.) is less 
clear cut. It is obvious that the entire clinical picture and the patho- 
logical findings are equally compatible with coincident viral hepatitis. 
Isolation of virulent T. pallidum from the liver of this patient, however, 
together with failure to demonstrate the organism in the peripheral 
blood sample taken simultaneously with the liver biopsy, suggests that 
the spirochete was harbored selectively by the liver. 

It seems quite likely that the third case (C.C.) was one of syphilis of 
the stomach, in view of the obviously inflammatory nature of the lesion 
at operation, the strongly positive blood serologic tests, and the 
Herxheimer reaction. The annular constriction at the pylorus may, as 
Dr. Clay has suggested, be a residue of one of the episodes of obstruc- 
tion which occurred and regressed during the year prior to admission. 
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Failure to demonstrate T. pallidum in the stomach specimen can readily 
be explained by the short exposure to formalin. Recovery of this or- 
ganism from an adjacent lymph node proves that the patient had 
syphilis, but does not of itself indicate the syphilitic nature of the stom- 
ach lesion. The microscopic appearance of the stomach lesion was 
certainly compatible with the diagnosis of syphilis. 

The rabbit inoculation technic is probably the most sensitive method 
of demonstrating the presence or absence of 7. pallidum in an organ 
or tissue, particularly in the late stages of the disease. Certainly it is a 
far more delicate and reliable method than visual demonstration of the 
spirochete by darkfield microscopic examination. In darkfield micros- 
copy, for example, material containing 100,000 7. pallida per ml. 
will, on the average, show only about one treponeme per 50 oil im- 
mersion fields. One would, therefore, not be likely to demonstrate this 
organism by darkfield microscopic examination when the spirochete 
content of the material falls much below that figure. Demonstration of 
T. pallidum by stained tissue section is likewise difficult to accomplish 
even in tissue known to contain this organism. 

On the other hand, evidence adduced by Magnuson, Eagle, and 
Fleischman (17) indicates that in the order of 10 to 20 T. pallida will 
regularly produce infection and disease phenomena when a well adapted 
strain is introduced into normal rabbits under optimum conditions of 
environmental temperature. Whether or not 7. pallidum obtained 
directly from a human host will produce infection in rabbits in such 
small numbers is not known. Neither is it known whether strains vary 
appreciably in this respect. It seems probable, however, that relatively 
small numbers of spirochetes are ordinarily capable of infecting normal 

rabbits, and that the animal inoculation test, therefore, provides a 
"sensitive method of demonstrating the presence of these organisms. 
It should be borne in mind, that although demonstration of T. pallidum 
in tissue by the rabbit infectivity test proves the presence of syphilitic 
infection, it provides only presumptive evidence that the lesion in 
question is due to syphilis. Considerable more experience will be re- 
quired before a negative infectivity test can be used as presumptive 
evidence for the absence of syphilitic infection. 

Tissue specimens should be transferred to animals without delay 
and always within two hours after removal from the patient. Each 
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specimen should preferably be inoculated into at least two rabbits, 
to minimize the risk of the test being vitiated by sickness or death of 
a single animal. The use of single animals in some tests reported here 
was due mainly to the small amount of tissue available for transfer. 
Inoculated rabbits should be kept at an environmental temperature 
of 68°F., or less and observed over a period of at least ninety days, un- 
less lesions develop earlier. 


SUMMARY 


1. Reports are presented of two patients with the clinical diagnosis of 
syphilis of the liver, and a third with that of syphilis of the stomach. 

2. Biopsy specimens of the livers of the first two patients, and of an 
abdominal lymph node of the third, were shown by rabbit inoculation 
to contain Treponema pallidum. 

3. It is suggested that this procedure should be employed more widely 
as one means of establishing the nature of lesions suspected of being 
syphilitic. 


The authors wish to express their appreciation to Dr. J. Earle Moore, Dr. Richard D. 
Hahn, and their associates for their supervision of the treatment of these patients. They 
are also indebted to Dr. A. McGehee Harvey and Dr. Moore for helpful criticism of the 
manuscript, and to Dr. Alfred Blalock for permission to publish the report on Case III, 
which was studied and treated on the surgical service of this hospital. 
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In ASSOCIATION WITH THE ALPHA OMEGA ALPHA FRATERNITY* 
Hurp Hatt, THe Jonns Hopxins Hospirat, 
BALTIMORE, MARYLAND 


Monpay, Aprit 10, 1950 


Dr. Wilkins: Will the meeting come to order. 

On this occasion, as last year, the Johns Hopkins Medical Society takes great 
pleasure in devoting this meeting to papers given and worked on by various 
students in the Medical School. The meeting is under the auspices of the Alpha 
Omega Alpha Society and I would like to ask the President of the Society, Dr. 
Arthur Nelson, to take the chair and preside over this meeting. Dr. Nelson. 


Dr. Nelson: Thank you, Dr. Wilkins. I would like to take this opportunity to 
thank the Medical Society for their cooperation and sponsorship of this program 
again this year. 

Our first paper this evening will be presented by George B. Koelle and is en- 
titled 


THE HISTOCHEMICAL DIFFERENTIATION OF TYPES OF 
CHOLINESTERASE AND THEIR DISTRIBUTIONS 
IN THE TISSUES OF THE CAT 


Cholinesterase (ChE) activity can be localized histochemically by incubating 
frozen sections in a medium containing acetylthiocholine (AThCh), copper sulfate 
and glycine, and subsequently treating with ammonium sulfide solution (Koelle, 
G. B. and Friedenwald, J. S., Proc. Soc. Exper. Biol. & Med., 70: 617, 1949). The 
present study concerns a modification of the original method to permit the selec- 
tive staining of sites of specific and non-specific ChE in tissues of the cat. 

The thio-analogues of acetyl-B-methylcholine, benzoylcholine, butyrylcholine 
and isovalerylcholine were synthesized and their rates of hydrolysis tested with 
purified preparations of both types of enzyme, and with cat plasma and homo- 
genates of brain and liver. The effects of di-isopropylfluorophosphate (DFP) and 
other inhibitors were also measured on the enzymes of the cat, using both choline 
esters and the thio-analogues as substrates. From these studies it was found that 
specific ChE could be localized selectively by treating sections with 10-* M DFP 
in saline for 30 minutes, then incubating with an AThCh-medium. Butyrylthio- 
choline (BuThCh) was selected as the most satisfactory substrate for demon- 
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strating sites of non-specific ChE activity. DFP-treated sections were also in- 
cubated with BuThCh as controls to exclude the presence of DFP-resistant 
non-specific esterases. 

In the central nervous system and in striated muscle, specific ChE was found 
almost exclusively. It was localized in the pyramidal cells and glial nuclei of the 
motor cortex, and in and around the anterior and lateral horn cells of the spinal 
cord. In the intercostal muscle, it was practically confined to the motor endplate, 
where a band suggestive of the subneural apparatus and the immediately adjacent 
nuclei were heavily stained. In contrast, sensory ganglia showed the presence of 
non-specific ChE in substantial amounts, but little if any specific ChE. This was 
true in both the gasserian and dorsal root ganglia, where the enzyme was localized 
in the ganglion cells, gliocytes and fiber tracts. The majority of the ganglion cells 
of the nodose ganglion of the vagus presented a similar anatomical and enzymatic 
picture, whereas a small number of ganglion cells, considered to be motor neurons, 
contained large amounts of specific ChE. Both types of enzyme were found in 
various locations in several autonomic ganglia. Evidence of specific ChE activity 
in the superior cervical and stellate ganglia was noted in the entering preganglionic 
fibers and their sheath nuclei, in the protoplasmic tracts, in capsular and inter- 
capsular glial nuclei, and in widely-varying concentrations in the ganglion cells. 
Non-specific ChE in these ganglia was confined chiefly to the nuclei of ganglion 
cells, gliocytes and endothelial cells, although smaller amounts were also present 
in the protoplasmic tracts and elsewhere. Following sectioning of the preganglionic 
trunk and degeneration of its nerve fibers, most of the specific ChE disappeared 
from the superior cervical ganglion but remained in high concentrations in a small 
number of ganglion cells. The distribution of non-specific ChE was practically 
unaffected by this procedure. In the ciliary ganglion, specific ChE was associated 
chiefly with the motor neurons, and non-specific ChE with the sensory neurons 
and their related structures. Non-specific ChE activity was predominant in the 
ganglia of the ileum and occurred exlcusively in the effector cells of this organ, as 
represented by the smooth muscle fibers. In the parotid gland, the reverse was 
true. 

The present findings indicate that at some sites non-specific ChE plays a role 
in the transmission of impulses as important as that generally ascribed to specific 
ChE. This assumption provides an explanation for certain observations concerning 
the pharmacological effects of anti-ChE agents. 


Dr. Nelson: Dr. Harvey, would you care to discuss this paper. 


Dr. Harvey: There is very little need for me, I think, to say what a beautiful 
piece of work this is and I think you have all seen what a nice experimental tool 
Dr. Koelle has found. I think his biggest problem now is deciding in the next four 
or five years which of the many important problems this technique makes possible 
to explore he is going to choose. 

There are many important aspects of it. Among the possibilities that it opens 
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up, one is a problem on which there is really no knowledge at the present time and 
that is why there is so much cholinesterase in various portions of the central nerv- 
ous system. With the opportunity that working with this enzyme presents of 
correlating the biochemical changes with physiological activity, I am certain that 
he is going to be able to advance our knowledge in this field tremendously. 

There is real evidence now that so-called pseudo-cholinesterase actually does 
have a physiological function. It has been known right along that all of these anti- 
cholinesterases do affect pseudo-cholinesterase and that the pseudo-cholinesterase 
is much more sensitive to their effect. Symptoms appear first, in the gastro-intes- 
tinal tract, and now Dr. Koelle has some evidence that there is some correlation 
between that enzyme activity and the physiological function. 

There is one other aspect which this thing opens up that has been a partial 
puzzle and that is with these anti-cholinesterases, particularly DFP which irre- 
versibly destroys cholinesterase, that the physiological manifestations which ap- 
pear last for only a short time and normal function returns at a time when the 
enzymes one can measure readily—such as the enzyme in the red cells, which is a 
true cholinesterase, or even the plasma enzyme, which is pseudo-cholinesterase— 
that the physiological functions return to normal before these enzyme levels re- 
turn to normal. 

Now it has been assumed that one of the contributary reasons for this is that 
the enzymes in the tissues regenerate at a faster rate than these enzymes present 
in the blood, which one can readily measure, and I would like to ask whether 
studies on the rate of regeneration of these various tissue cholinesterass have been 
made. 


Dr. Koelle: We have studied regenerating rates of cholinesterase activity in 
various tissues of the rat following the administration of DFP and it was found, 
in general, that there is present in both the central nervous system and the striated 
muscles approximately five times as much cholinesterase as necessary to function 
for ordinary physiological conditions. The cholinesterase in the muscle or the brain 
must be inhibited to 10 to 20 percent of the normal value, before signs of intoxi- 
cation appear, and the typical effects are no longer apparent when the enzyme has 
regenerated to values much above these figures. Other factors may play a role, as 
suggested by a frequent observation concerning the miotic effects of DFP in pa- 
tients with glaucoma. If this drug is instilled into the eyes of normal subjects 
miosis persists about one to two weeks. In glaucoma the effect lasts about 3 days 
then the size of the pupil returns to normal. I know of no explanation to account 
for this phenomenon. 


Dr. Nelson: Are there any further comments or questions on this paper? 


Dr. Rich: May I ask whether the muscles are stained before and after giving 
DFP when the drug is given in vivo? 
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Dr. Koelle: We haven’t conducted studies with DFP in vivo as yet, Dr. Rich, 
but the impression we have gotten—using different concentrations of DFP in 
vitro is that you can notice an appreciable difference in the intensity of staining if 
the cholinesterase in the muscle is reduced to about 30 percent of the original 
value. Since I don’t believe one can detect any physiological impairment before 
that figure is reached, the method should be satisfactory for demonstrating the 
anticholinesterase action of DFP at the motor end plate. 


Dr. Nelson: Is there any further comment? 
Our next paper is to be presented by Victor M. Kimel and Frederic Kavaler, 
and is entitled 


BIOCHEMICAL AND PHYSIOLOGICAL DIFFERENTIATION DURING 
MORPHOGENESIS. XI. THE APPEARANCE OF MUSCULAR RE- 
SPONSES TO ELECTRICAL STIMULATION OF THE CEREBRAL 
CORTEX OF THE DEVELOPING GUINEA PIG 


This is one of a series of correlated studies on the differentiation of the cerebral 
cortex of the developing guinea pig carried out in the embryological laboratories 
of the Carnegie Institute of Washington. Earlier studies in this series showed 
evidence of a “critical period” in the cytological differentiation of the fetal cortex 
between the 41st and the 45th days of gestation; this is roughly at two-thirds of 
the total gestation period (66 days). Chemical studies on the fetal cortex showed 
an abrupt rise, during the “critical period”, in the activities of two enzymes: 
adenylpyrophosphatase and succinic dehydrogenase. In studies with radioactive 
sodium it was shown that one or another of the cellular elements of the cortex 
becomes permeable to the sodium ion during the “critical period’’. Finally, char- 
acteristic spontaneous electrical potentials of cortical origin were demonstrated 
for the first time on the 46th day of gestation. 

In the present experiment peripheral muscular responses to electrical stimula- 
tion of the motor cortex were studied. The motor areas were roughly mapped out 
in the adult, and each of the responses obtained was looked for in fetal animals 
at varying stages of gestation. Movements of the hindleg, foreleg, neck, and face 
can first be obtained during or immediately following the “critical period” of 
differentiation, when the other changes mentioned can be observed. Evidence is 
presented that the onset of cortically induced muscular movements is referable to 
a change in the cortical neurons themselves. 

It is suggested that the growth of the axon of the cortical neuron to the anterior 
horn cell and the establishment of a synapse there may play a réle in bringing about 
these apparently simultaneous changes. Experiments are now under way to estab- 
lish the time of appearance of the lateral corticospinal tract in the fetal guinea 


pig. 


Dr. Nelson: Dr. Flexner, will you comment on this paper. 
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Dr. Flexner: The paper which has just been presented is so comprehensive and 
clear that there is very little for me to add. 

Mr. Kimel and Mr. Kavaler properly emphasize, it seems to me, the changes 
which occur during the critical period. I might mention that certain quantities 
which have been studied fail to show any changes during this particular period 
the 4ist to 45th day of gestation. As examples of that acid phosphatase is main- 
tained at a constant level from the 28th day of gestation to term. Energy-rich 
phosphate fails to show any change at this particular period. Changes in concen- 
tration of cytoplastic nucleic acid again appear to be lacking. I mention this 
because failure to find any change in these quantities, to my mind, represents 
quite as much of a problem as do the factors which have been presented tonight, 
those which change markedly at this particular time. 


Dr. Nelson: Are there any other comments or questions? 


Dr. Walker: How do these changes which occur corelate with all the spontane- 
ous activity of the fetus at this time? 


Mr. Kimel: Spontaneous and reflex activity of the fetal guinea pig was studied 
by Carmichael. He demonstrated spontaneous activity on the 28th day of gesta- 
tion and reflex movements as early as the 3ist day. Spontaneous movements on 
the 28th day are present only when the fetus is within the amniotic sac; they 
cease when the amniotic sac is ruptured. Reflex movements in response to stimu- 
lating 104 different areas on the surface of the fetus were studied by Carmichael, 
as mentioned in the paper. To my knowledge no changes in the spontaneous 
activity or in the reflex behaviour were observed which could be correlated with 
the “critical period” of cortical maturation. Other responses came in subsequently, 
all before we were able to elicit any movements by stimulating the cortex. 


Dr. Walker: Are there any qualitative changes after the 45th day? 
Mr. Kimel: Not as far as I know. 


Dr. Nelson: Is there any further comment? The next paper represents some 
work in the Hunterian Laboratories and is presented by Merril W. Brown. 


EXPERIMENTAL TRANSPOSITION OF THE PULMONARY VEINS 


Among the many types of congenital cardiac anomalies, that in which all of 
the pulmonary veins empty into the right auricle is comparatively rare. Re- 
cently two patients having such a condition were studied by cardiac catheteriza- 
tion in this hospital. We have attempted to create this condition in the experi- 
mental animal, and have succeeded in preparing two dogs in whom this circulatory 
alteration exists. Namely, all of the existing pulmonary veins empty into the right 
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side of the heart, with the only entry for blood into the left heart consisting of an 
interauricular septal defect. These animals have been studied by cardiac catheteri- 
zation and the results compared with those obtained from the aforementioned 
patients. 

The surgical procedure involved in the preparation of these animals was divided 
into three stages, with an interval of 1 month between stages. The first stage con- 
sisted of the creation of an interauricular septal defect according to the method of 
Blalock and Hanlon, and the anastomosis of the right superior pulmonary vein 
to the superior vena cava. The second stage consisted of the anastomosis of the 
right and left inferior pulmonary veins to the inferior vena cava. The third stage 
involved the resection of the apical and cardiac lobes of the left lung. 

Several weeks after completion of the surgical procedures, the animals were 
subjected to cardiac catheterization studies. The peripheral arterial oxygen satura- 
tion was found to be below normal in both animals. The oxygen contents of blood 
obtained from the right auricle, the right ventricle, and the femoral artery were 
almost identical. Intracardiac pressure determinations revealed a moderate pul- 
monary hypertension in both animals. Blood flows were determined according to 
the methods of Bing, Vandam, and Gray. The systemic blood flow was found 
to be within the normal range in both animals. In one animal, the pulmonary 
blood flow was considerably greater than the systemic flow, while in the other 
animal the pulmonary and systemic blood flows were approximately equal. These 
findings are in close agreement with those obtained from the aforementioned pa- 
tients studied in this hospital. 


Dr. Nelson: Dr. Bing, would you care to discuss this paper? 


Dr. Bing: I would like to congratulate Mr. Brown on a beautiful presentation 
of a difficult subject. I think Mr. Brown’s work expresses proof of the concept of 
Claude Bernard that the creation of abnormal conditions is a good way to study 
physiology. The hemodynamic alterations created by Mr. Brown resemble closely 
those existing in two patients studied by Dr. Friedlich, Dr. Blount and myself. In 
these two patients the lesion which Mr. Brown produced by artificial means in 
his animals existed on a congenital basis and I would like to point out the re- 
semblance between the two. Two factors were responsible for Mr. Brown’s success 
with his operation as well as for the survival of the two patients studied: a.) the 
size of the auricular defect and b.) the relative volume of the pulmonary blood 
flow as compared to the systemic flow. The greater the pulmonary flow the higher 
the oxygen saturation of peripheral arterial blood. Of further significance is Mr. 
Brown’s finding that following transplantation of the pulmonary veins, the pul- 
monary artery pressure increases. Anyone who has tried to produce pulmonary 
hypertension must be aware of the significance of this finding. 

Finally, I would like to stress the practical importance of Mr. Brown’s work. 
It has been our observation that patients with the corrected type of transposition 
(some of the pulmonary veins entering the right auricle or its tributaries) do rela- 
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tively well. It is possible, therefore, that a procedure similar to that performed by 
Mr. Brown might be of value in the correction of transposition of the great vessels 
in man. 


Dr. Nelson: Are there any further comments or questions? 


Dr. Rich: Might I ask one question? If the hemodynamics in these animals are 
like those in the human being after birth, why does the foramen ovale close? If 
the pressure in the right auricle is higher than in the left, isn’t the foramen kept 
patent by the constant flow of blood from right to left? 


Dr. Taussig: Mr. Brown, I’ll come to your rescue. Your question has been dis- 
cussed a great deal and some anatomists think there is something in the contrac- 
tion of the auricles which tends to close the foramen ovale. Certainly the foramen 
ovale tends to close but is not completely sealed off when all the pulmonary veins 
open into the right auricle. 

I thought Dr. Blalock was going to say something about the great group of 
patients who might be benefited by vein transplant. In some malformations the 
anomalous drainage of the pulmonary veins into the right auricle is beneficial. We 
have seen some patients who would be greatly benefited by having one or more 
pulmonary veins drain into the right auricle. Thus Mr. Brown’s work opens up 
another line of surgical treatment of other malformations in addition to the one 
which he has studied. That malformation may be the hardest to correct because 
the left auricle is often atrophic and very little blood has gone through it. 


Dr. Nelson: The next paper to be presented is by Sanford Chodosh. 


STUDIES OF REGENERATION OF THE SYMPATHETIC 
FIBERS IN PERIPHERAL NERVES 


This paper presents a new technic which can be used to follow the regeneration 
of the sympathetic component of peripheral nerves on a quantitative basis. This 
technic involves the measurement of the electrical resistance of the skin in ohms, 
a quantity which is dependent upon the integrity of the supply of the sympathetic 
nerve fibers to the sweat glands of the skin. There exists an inverse relationship— 
when sympathetic activity is high the electrical resistance of the skin is low and 
conversely when the sympathetic activity is low, the resistance is high. 

To determine the accuracy and practicality with which such quantitative meas- 
urements of the electrical resistance of the skin could be used to follow the re- 
generation of peripheral nerves, a series of operations was performed on the sciatic 
nerve of young cats. A radical resection of the sciatic nerve was performed on one 
group of cats to determine the effects of complete denervation on the levels of the 
skin resistance of the central foot-pad. Within one day after operation the levels 
of resistance rose to 30 to 50 times that of the readings of the normal leg and have 
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remained significantly high up to 270 days after operation. To demonstrate that 
the curve of regeneration is significantly different from this curve of degeneration, 
another series of operations was performed which would permit regeneration of 
the nerve. Following section and immediate suture of the nerve in a group of ani- 
mals, the resistance again rose to high levels, but showed significant declines toward 
normal levels within 50 to 60 days and continues to drop toward normal levels. Fol- 
lowing crushing of the nerve in a group of animals, the resistance rose to very high 
levels and continued to rise for the first week after operation. In this series also, 
the resistance levels characteristically declined towards normal levels within 30 to 
60 days and reached normal levels within 70 to 180 days. 

On the basis of these preliminary studies, it appears that the course of regenera- 
tion of the sympathetic fibers of peripheral nerves can be followed easily and accu- 
rately by means of quantitative measurements of electrical resistance of the skin. 
This technic offers an excellent tool for studying many of the factors involved in 
the regeneration of peripheral nerves, and it might well be developed into a useful 
clinical tool for evaluating regeneration after peripheral nerve repair in man. 


Dr. Nelson: Dr. Richter, will you comment on this paper? 


Dr. Richter: I should like to comment first on Mr. Chodosh’s report of the effects 
produced on the sympathetic nerves by nerve-crushing. These experiments demon- 
strate in a dramatic way the toughness of these nerves. They show that applying 
a hemostat to the whole nerve for one minute, and clamping it down to the last 
notch, had little or no effect on the skin resistance in some animals. Several years 
ago Dr. Marion Hines and I carried out similar experiments with a much less 
delicate technique than was used here and we found crushing the nerves with a 
hemostat for thirty to forty seconds often produced no effect at all on the nerves. 

I should like to comment also on the length of the periods between the time of 
the section and suture of the nerve and the beginning of the return of skin resist- 
ance to a normal level. Mr. Chodosh showed that only twenty to thirty days 
were required for the skin resistance to show its first drop. To my knowledge this 
is one of the earliest periods reported for the regeneration of sympathetic nerves. 
It is interesting that this increase of skin resistance appeared long before any other 
symptoms of regeneration became manifest. 

I should like to comment also on the possibilities that this method offers for 
the study of the changes in sensitivity to different drugs shown by sutured and 
injured nerves. Dr. Cannon and Dr. Rosenblueth in their studies of drug hyper- 
sensitivity of injured nerves used pupil size. I think electrical skin resistance 
method has considerable advantages over the pupillary method. It is much simpler 
to measure and I think will give more definite quantitative results. 

This method has also been used to study the effect of drugs in normal individ- 
uals and in normal animals. We have used it in preliminary experiments to study 
the effect of atropine. Most of these experiments were carried out on human sub- 
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jects and we were able to demonstrate the effect of atropine as soon as one minute 
after the injection of the drug into the blood stream. 

The skin resistance method may also be used to study the regeneration of 
nerves after sympathectomies. A great many patients are available with sym- 
pathectomies, far more than with peripheral nerve injuries; and it may be that 
most of this work—so far as human subjects are concerned—will have to be done 
on sympathectomies, unless we have another war right soon, which I hope we won’t 
have. 


Dr. Nelson: Are there any further comments on this paper? 
The last paper this evening is by Henry N. Wagner. 


COMPARATIVE IMMUNOLOGY OF WILD AND DOMESTICATED 
RATS IN LIGHT OF HYPERSENSITIVITY DISEASES IN MAN 


Mr. Wagner: I should like first of all to ask Dr. Taussig to please keep warmed 
up, because I think Dr. Rich is really going to go after this one. 

In this report are presented the preliminary results of comparative immuno- 
logical studies of captured wild street rats and domesticated laboratory rats, both 
of which are members of the same species, Rattus Norvegicus. Antibody formation, 
as measured by precipitin, agglutinin, and hemolysin reactions, susceptibility to 
anaphylactic shock, and the comparative LD 50’s for histamine were investigated. 
The study was prompted by the finding (Rogers and Richter, 1948) that as the 
result of the process of domestication, a great reduction has occurred in the adrenal 
glands of the domesticated rats. On the average, the wild rats’ adrenals weigh two 
to four times as much as those of domesticated rats. 

Healthy wild rats captured at least one month previously and domesticated 
rats on the same stock diet were sensitized by 6 intraperitoneal injections of human 
blood serum in one series of rats and of defibrinated human blood in a second series. 
The injections were given every three days. Precipitin titers were determined 12 
days after the last sensitizing dose in the first series, and precipitin, agglutinin, 
and hemolysin titers after 8 days in the second series. In both experiments the 
wild rats were grossly deficient in the formation of precipitin antibodies whereas 
the domesticated rats of comparable size and sex produced fairly good titers. The 
average titer for the 11 wild rats was 1:5 antigen dilution. None produced a titer 
higher than 1:25. The domesticated rats produced the following titers: 6 rats— 
1:125; 4 rats—1:625; 1 rat—1:3125; and 1 rat—1:25. The difference in the ability 
of the two strains to produce hemolysin antibodies was also striking. The captured 
wild rats produced significantly less than their domesticated descendants. By the 
technique used, no significant difference between the groups in the ability to pro- 
duce agglutinins was detected. 

Three days after the determination of the antibody levels, the rats were in- 
jected with large doses of antigen for the purpose of determining susceptibility to 
anaphylactic shock. For several hours after the injection, all domesticated rats 
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showed signs of shock, as evidenced by hypothermia, irregular respiration, labored 
movements, no spontaneous activity, piloerection, and lying on side prostrate. 
None of the wild rats showed any of these signs or appeared abnormal in any way. 
Although the absence of anaphylaxis is presumably explainable on the basis of 
lack of antibodies, susceptibility to histamine was determined. Twenty-nine domes- 
ticated and thirty-five wild rats were injected intraperitoneally with varying doses 
of histamine. The LD 50 for the domesticated rats was 79 + 4 mg/K whereas for 
the wild rats, the LD 50 was 110 mg/K. In view of the great differences in antibody 
production and anaphylactic shock, this difference is considered slight. 

These studies imply that there are differences in immune reactions in rats as a 
result of the process of domestication. The differences are similar to racial differ- 
ences in immune reactions and hypersensitivity diseases in man which have occa- 
sionally been reported. 


Dr. Nelson: Dr. Mirick, will you discuss this paper, please? 


Dr. Mirick: I have naturally been very much intrigued by the results of these 
studies by Mr. Wagner as they have unfolded. In presenting them, I think that he 
has successfully avoided any dangerous generalizations. He has described four 
differences between wild and tame rats which may be related—differences in 
anatomy, histamine sensitivity, capacity to produce antibody, and finally sus- 
ceptibility to anaphylactic shock. In the rat he has chosen a difficult experimental 
animal. Dr. Longcope and other earlier workers showed that rats are extremely 
refractory to shock. Others, including our present speaker, have overcome this 
difficulty by the use of more strenuous experimental procedures. 

Now the results in respect to antibody formation are, I think, somewhat sur- 
prising. You are all probably familiar with the reports of Daugherty and White 
and Chase, confirmed by Eisen, that the injection of ACTH or cortisone into ex- 
perimental animals, which have previously been immunized, will result in a tran- 
sient increased level of circulating antibody. Eisen and his co-workers, were unable 
to show any difference in the production of antibodies by adrenalectomized rats 
whether they did or did not receive cortical extract during the period of immuni- 
zation. In neither set of experiments was there evidence of suppression of antibody 
formation from adrenal stimulation. This agrees with some experiments we have 
carried out this year in human beings. Patients receiving ACTH or cortisone were 
vaccinated with pneumococcus polysaccharides and the titer of antibody produced 
was compared with that in other vaccinated patients who did not receive these 
substances. We were unable to show any difference in the ability of the two groups 
to produce antibody. As I have said, therefore, I am rather surprised by the 
differences described tonight and question whether the lesser antibody production 
by the wild strain is related to the increased adrenal size in this strain. 

In regard to histamine sensitivity, I would like to point out that the question 
has been raised whether anaphylaxis in rats is mediated by histamine. It has been 
shown with a Schultz-Dale type preparation that the reaction of the smooth muscle 
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of a rat to histamine is just the opposite to that produced by an antigen-antibody 
reaction; the former results in relaxation, and the latter contraction. Moreover, 
rats as a species are remarkably resistant to histamine shock and yet the smooth 
muscle preparations react to very small doses of histamine. There is some evidence 
that acetyl-choline may play a part in anaphylaxis and it might be interesting to 
test the wild and tame rats for differences in sensitivity to this substance. 

There is another way in which strains or species may differ in their suscepti- 
bility to anaphylaxis; that is the fixation of antibody to the shock tissue. In fact, 
it is practically impossible to passively sensitize a guinea pig with rat antiserum, 
just as it is with horse antiserum. There may be differences in the capacity of 
different strains of rats to fix antibody to their own shock tissues. 

I think that Mr. Wagner’s experiments, as reported tonight, may open another 
approach to a problem which is on all of our minds; that is the relation of the 
adrenals to hypersensitivity reactions. 


Dr. Rich: This is very interesting work and has quite a number of surprising 
results. In relation to antibody formation it would certainly be surprising if a 
given race were, as a general principle, efficient in precipitin formation and not at 
all efficient in agglutinin formation. It would be important to determine whether 
these results really embody a general principle, or whether they are due to the 
antigens used or to the methods of testing for the presence of antibody. It would 
be difficult to believe that the rat can make one kind of antibody globulin and not 
another kind. In relation to histamine sensitivity I think that too is a little sur- 
prising. Rats are known, as Dr. Mirick has said, to be very resistant to the action 
of histamine, and extremely resistant to anaphylactic shock. It has been claimed 
that the resistance of rats to anaphylactic shock can be modified by diet. I wonder 
how long the wild rats were kept in the laboratory before the experiment,—how 
long they were on the stock diet? 


Mr. Wagner: One month on the stock diet. We cleaned them out that way. 


Dr. Rich: Whether all this has any relation to the adrenals is, I think, a ques- 
tion that can be fairly asked. Of course, the adrenals of the wild rats are large; 
but there are other differences between wild and tame rats, too. Dr. Berthrong, 
Dr, Griffith and I, in some recent experiments, were not able to detect any differ- 
ence in antibody production in animals in which the adrenals were stimulated to 
oversecretion and hyperplasia by ACTH. 

The strain difference or racial difference in susceptibility to anaphylactic shock 
is interesting, if corroborated by more complete evidence. Whether there is any 
analogy with the supposed difference between the susceptibility of negroes and 
whites to hypersensitive reactions is a question. I should like to ask Dr. Taussig 
what her experience has been in regard to the prevalence of rheumatic fever in 
negroes and whites. 
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Dr. Taussig: I was very much interested in these figures as they are essentially 
the same as ours. We have noted a two to one white to colored, drawing a fifty- 
fifty dispensary white to colored and taking all the patients white to colored. We 
ran pretty consistently slightly over two to one white to colored in rheumatic 
fever. 


Dr. Rich: Was there any difference in relation to economic status,—the quality 
of the diet, frequency of infections etc. in the Negro? 


Dr. Taussig: We haven’t had any real studies in that line at all. Universal 
opinion has been it occurs in the poorer and lower class but not extremely poor. 


Dr. Rich: I wonder whether the well-to-do Negro exhibits any difference in 
morbidity from rheumatic fever compared with whites of similar economic status? 


Dr. Taussig: I couldn’t answer that. 


Dr. Harvey: Is there any difference in the suceptibility of histamine following 
adrenalectomy? 


Mr. Wagner: We have not tested histamine sensitivity after adrenalectomy. 
It has been reported that several species of animals show increased susceptibility 
to histamine following adrenalectomy. 


Dr. Harvey: I am interested in knowing whether there was a bigger difference 
in size of the adrenals. There were two strains to start with and I’d like to know 
whether that change would be any greater in wild rats. 


Mr. Wagner: One of the other striking anatomical differences is the relative 
thymus weights—the thymus being very small in the wild rat. This is consistent 
with the findings by Selye and others on the relationship between the thymus size 
and stress. 


Mr. Neustadt: You may have difficulty doing what Dr. Harvey suggests. The 
wild rat wouldn’t live after adrenalectomy. 


Mr. Wagner: I certainly should have brought that up. The wild rat wouldn’t 
survive. 

Dr. Richter has shown in every experiment tried we have been unable to keep 
the wild rat alive in captivity after adrenalectomy. This is true even if DOCA or 
cortate or salt replacement therapy is used. 


Dr. Harvey: How many days will they survive? 
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Mr. Wagner: About 40 days. 


Dr. Harvey: Like ordinary animals in other situations, are rats susceptible to 
production of asthma by aerosol administration of histamine? 


Mr. Wagner: I have never read anything about that. 


Dr. Fisher: Have any other antigens been tried—bacterial antigens or poly- 
saccharides? 


Mr. Wagner: We are using pneumococcus polysaccharides at the present time. 


Dr. Nelson: Is there further comment or question on this? 
If not, the meeting is adjourned. 
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(These reviews represent the individual opinions of the reviewers and 
not necessarily those of the members of the Editorial 
Board of this Bulletin) 


Progress in Biochemistry. By Fetrx Havrowrrz. 405 pp. $7.50. Interscience Pub- 
lishers, New Y ork. 

Professor Haurowitz describes his book as “‘a report on biochemical problems and 
biochemical research since 1939.” This is a colossal undertaking which few would 
attempt for the expansion of biochemical studies in the fields of biology and medi- 
cine is setting a pace that is difficult to follow. In the twenty-four chapters of this 
book nearly every band in the biochemical spectrum is given a place. At the fine 
structure level of this spectrum, we may cite the fascinating reports of Kuhn and 
Moewus which seem to demonstrate that the sex determining factors in green algae 
are the cis or trans carotinoid acid dimethyl esters, crocetin. This may serve to 
illustrate the scope of the material covered by this book. 

In addition to the usual biochemical subjects such as lipids, vitamins, enzymes, 
etc., this book contains several chapters that many will applaud enthusiastically. 
In Chapter I there is an introduction to modern atomic structure which permits 
the reader to understand better the succeeding sections on isotopes and their use in 
biochemical studies. In Chapter XIX the reader will find thermodynamic and ki- 
netic considerations presented along with certain biochemical reactions to which they 
have been applied. Protein denaturation is discussed from this point of view. 

Your reviewer is not familiar with most of the branches of biochemistry covered 
and interpreted by the author so that he is unable to judge the uniformity of this 
book, but in the field of enzymes, proteins, and viruses, Professor Haurowitz has 
not been meticulous in his reporting. Thus the material in the upper portion of page 
39 needs some clarification. The phosphorylation of glucose by ATP to glucose 
6 phosphate and ADP is not usually considered to be reversible. The statement that 
transformation of ADP to ATP by hexose diphosphate through the action of phos- 
phokinase is certainly not expected. Nor did the paper referred to cast any light 
on the difficulties. 

Probably a typographical slip is responsible for the value of the Svedberg sedi- 
mentation unit being given on page 109 as 10-" sec., instead of the correct value of 
10-" sec. On the next page, however, the method used in determining the molecular 
weight of insulin is stated to have been osmometric whereas in fact it was by sedi- 
mentation and diffusion measurements. 

On pages 262-3 in discussing the formation of proteolytic enzymes from their 
precursors, the author has somehow obtained the completely erroneous notion that 
the conversion of the precursors to the active enzymes pepsin, trypsin and chymo- 
trypsin consists of removal of inhibitors. Trypsinogen, contrary to the author’s 
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statement, does not contain a polypeptide inhibitor. There is an inhibitor liberated 
from pepsinogen upon activation but its recombination with pepsin does not yield 
pepsinogen, so that the reaction is not a simple release of the inhibitor. In the case of 
chymotrypsinogen, activation has been clearly demonstrated by both Kunitz and 
Butler to involve the splitting off of no measurable amount of nitrogen, hence it 
can hardly be said to involve the removal of a polypeptide inhibitor. 

The author’s citation of references to nuclease cleavage of viruses on page 374 
while omitting the much more carefully examined experiments in 1942 from Stan- 
ley’s laboratory is unfortunate. Loring, in Stanley’s laboratory, showed that in- 
activation of tobacco virus by crystalline ribonuclease was not due to an enzymatic 
cleavage but rather to a reversible combination of the enzyme protein with the 
virus. 

There is an immense amount of material in this relatively smal] volume and the 
references to original work must number over two thousand. This in itself is of con- 
siderable value, but as the reader may gather from the foregoing remarks this book 
should not be considered as a substitute for the original papers. 

R. M. H. 


Medicine of the Year, 2nd issue, 1950. Editorial Direction of Joun B. Youmans. 
204 pp. $5.00. J. B. Lippincott Co., Philadelphia, Pa. 

This second year’s publication follows the strictly reportorial style of last year’s 
account. In its task of telling the reader of the many new attempts and trends in 
the various branches of medicine it is fast moving and readable. No reviewer can 
critically review an account which, in itself, looks over all of medicine. Yet, through- 
out, there seems not to have been time to digest and orient the new facts. New esti- 
mates of the efficacy of this or that drug are accepted much at their face value. An 
example is the widespread report of the efficacy of various antibotics in virus dis- 
eases. This, despite the fact that no “true” virus disease has been shown to be in- 
fluenced by these drugs experimentally. They may work, but the knowledge is not 
there yet. 

A much larger lack is the almost complete absence of reference to work going on 
in countries outside this one. Are we to infer there is little or nothing, or is this a 
new form of isolationism? 

Despite this, this book will continue to attract interest each year and rightly so. 

F. B. B. 


Cardiography. By W1tu1aM Evans. 140 pp. $6.75. The C. V. Mosby Co., St. Louis, 
Missouri. 

This volume is designed to serve as a manual to acquaint students, house physi- 
cians and practitioners with the elements of clinical electrocardiography and phono- 
cardiography. The result is a rather slender monograph which adds little to the 
understanding of two rather complex techniques. To justify the publication of still 
another elementary text on electrocardiography is difficult in view of the plethora 
of standard volumes already available. 

The approach to electrocardiography is purely empirical and offers no advan- 
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tages over older material. The author has not chosen to incorporate the viewpoint 
or the conclusions of much of the research which has enriched the subject in the last 
two decades. The reader will search in vain for a treatment of important topics 
such as coronary insufficiency, atypical infarction patterns, the influence of elec- 
trolyte imbalances, the ventricular gradient, the meaning and value of multiple 
precordial leads, the recognition of infarction in the presence of bundle branch 
block, etc. Some of the author’s concepts are not shared by most authorities; for 
example, few would accept the idea that the Q wave in Lead 1 which is seen in an- 
terior infarction is the result of involvement of the interventricular septum. 

The short section on phonocardiography presents no simultaneous pulse pressure 
tracings. The linear “sound” tracings are difficult to read, and there is no mention 
of the response characteristics and limitations of the various recording systems. 
The technical aspects of reproducing a visual record of what the clinician hears are 
of paramount importance and deserve fuller treatment. 

The quality of the EKG records is excellent and they are well reproduced. Most 
of the tracings are taken at a faster paper speed than is used for everyday clinical 
work, but unfortunately there are no voltage standardizations in any of the leads. 

A.G. 


The Common Diseases of the Skin, 4th edition. By R. Cranston Lowand G. A. GRANT 
PETERKIN. 282 pp. 21/—net. Oliver & Boyd Lid. Edinburgh, Scotland. 

This small volume appeared shortly after the death of the senior author. The 
outline is based on lectures delivered to students at the University of Edinburgh. 
The material is presented attractively in a simple, well organized fashion. The illus- 
trations are adequate. However, the book suffers from a fault common to many re- 
vised editions, namely, incompleteness in the area of therapeutics. The authors 
have failed to discard much that is obsolete in therapy and there is no mention of 
many new drugs and new modes of treatment that have appeared since the third 
edition was published in 1949. 

M. S. 


Miichell-Nelson’s Textbook of Pediatrics, 5th edition. Edited by WALDo E. NELson. 
1658 pp. $12.50. W. B. Saunders Co., Philadelphia, Pa. 

This book in its previous editions is well known to pediatricians as an excellent 
text and requires little comment, except to say that the present form has enlarged 
and preserved the high quality of former editions. 

The content is extremely comprehensive for a one volume text and covers prac- 
tically all problems with which a practitioner might be confronted. The relation- 
ship of the space devoted to the relative importance of the problem is in general 
logical. References to recent literature enable the student to explore any subject 
further. 

One of the great advantages of the book are the classifications which are fre- 
quently used to present diseases of the same category. Tables of signs and symp- 
toms are used to clarify differential diagnosis. 

In these days of great emphasis on the psychological aspects of pediatrics, it is 
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refreshing to read a book which presents the subject in a practical commonsense 
manner. One finds, for instance, under Feeding Schedules, “No regularity is as bad 
as a rigid schedule” and “The theory that emotional instability is likely to be an 
aftermath of bottle feeding (vs breast feeding) per se requires real confirmation which 
is not available.” 

A book of over 1600 pages, however, has reached the limit of size for a practical 
one-volume text. Some space could have been saved by eliminating material of 
relative unimportance; for instance Tables 6 and 37 merely illustrate record forms 
used by the respective authors. Four pages are devoted to the classification of strep- 
tococci. A whole page has been used for Fig. 24 illustrating the development of 
“self-feeding” habits and another for a non-informative series of “Scenes from 
Children’s Convalescent Home, Cincinnati, Ohio.” A number of the photographic 
illustrations are too poor to merit publication. 

On the whole this is one of the most valuable pediatric text books available. 

Francis F. SCHWENTKEER. 


Medical Gynecology, 2nd edition. By James C. JANNEY. 454 pp. $6.50. W. B. Saun- 
ders Co., Philadelphia, Pa. 

The author has been impressed by the failure of gynecologic teaching to correlate 
the academic disease with the patients’ complaints. Therefore he discusses the pa- 
tients’ complaints from the point of view of differential diagnosis and treatment of 
the various causes. This comprises the second section and main part of the book. 
Other sections are devoted to history and physical examination, physical findings, 
tests and special examinations, gynecologic treatments, socio-medical problems in 
gynecology and irradiation or operation. 

Such an approach necessitates much repetition. For example, malposition of the 
uterus and pessaries are discussed in much the same manner under abdominopelvic 
pain, under relaxed vaginal outlet and prolapse, and again under pessaries. Ma- 
terial under the complaint of sexual maladjustment is again repeated and enlarged 
upon under a later chapter on marital maladjustments as a socioeconomic problem. 

He continually stresses the vague syndrome of “pelvic congestion.” There are 
certain statements and advised treatments with which the reviewer cannot be in 
accord. Cervical erosions and lacerations are listed as a common cause of menor- 
rhagia, a negative Schiller test is considered sufficiently reliable to exclude cancer 
of the cervix before cauterization, and air rather than carbon dioxide is apparently 
used in performing Rubin’s tests. The underlying pathological lesion is insufficiently 
stressed and authoritative references to fundamental academic and clinical studies 
are sparce. The phrase “not uncommon” is too often repeated. 

The book is written in an easy, almost conversational, style and there are many 
helpful hints gleaned from a long practice of gynecology. Newer drugs and anti- 
biotics are discussed in this second edition and the commonsense approach to the 
psychogenic problems and interrelationships are refreshing. It should be a very 
useful book for the physician with an active gynecologic office practice. 

R. B. S. 
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The Cytologic Diagnosis of Cancer. By the Staff of the Vincent Memorial Labora- 
tory of the Vincent Memorial Hospital, Boston, Massachusetts. Published 
under the Sponsorship of the American Cancer Society. 229 pp. W. B. Saun- 
ders Co., Philadelphia, Pa. 

The Cytologic Diagnosis of Cancer, by the staff of the Vincent Memorial Labora- 
tory and published by the W. B. Saunders Company is the first complete work on 
exfoliative cytology. The first eight chapters are concerned with the detection of 
cancer in the female generative tract. The next five chapters have to do with detec- 
tion of carcinoma in the respiratory tract. Chapters 14 and 15 describe the cytology 
of the gastric secretions, both in the normal and carcinomatous state. Chapters 16 
and 17 cover the subject as applied to urology and the next two chapters describe 
the cytology of pleural and peritoneal fluid in the normal and carcinomatous con- 
dition. The last chapter describes the technic of obtaining material, preparing and 
staining the smears. 

The material shown is well organized. The normal cytology of the organs in ques- 
tion is described in each instance followed by the pathological. The method of por- 
traying the various cells is to show a group of them under low power and then a 
portion of the field under high power magnification. A drawing of the high power 
field is then shown in order to emphasize the cytological structure. Thirty colored 
plates are shown. The illustrations are beautifully reproduced both in the black and 
white and in color. The book is an excellent textbook guide for any one learning 
the science of cytology and will fill a great need in giving detailed information to 
the many technicians and doctors who are today attempting to periect themselves 
in the relatively new science of exfoliative cytology. 

R. W. Te Linve. 


Principles and Practice of Plastic Surgery. By ARTHUR JOSEPH Barsky. 499 pp. 
$10.00. The Williams and Wilkins Co., Baltimore, Md. 

This very delightful book on plastic and reconstructive surgery fills a real need 
in present surgical literature. It is probably the only recent text of concise, compact 
proportions that covers the major part of the speciality that is now generally con- 
sidered to comprise plastic surgery. 

Dr. Barsky has had a wealth of experience at Beth Israel and other New York 
hospitals. His previous text book on plastic surgery was considered excellent by 
many plastic surgeons and unfortunately has been out of print for several years. 

The book is divided into sixteen chapters. The first four are on general prin- 
ciples of skin grafts and flaps and other types of tissue transplantations. Wounds, 
burns, scars, and keloids are considered in chapters five and six. The next nine chap- 
ters consider the particular problems that concern each anatomical locality such as 
the orbit, nose, ear, lips, palate, facial bones, and neck. There is a very fine chapter 
on surgery of the hand that contains many practical suggestions from the author’s 
personal experience. 

The final chapter is one that perhaps should be found in every text of plastic 
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surgery. It deals with the use and construction of many types of prostheses. With 
the present day developments in new resins such as vinylite, the discerning plastic 
surgeon must choose with care the problems that may be handled with the aid of a 
prosthesis, either with or without surgery. The increasing number of surgical cures 
for tumors about the head and neck serves to draw particular attention to this 
problem. 

This book is intended as a practical clinical guide and should be read as such. 
Dr. Barsky does not attempt to present all of the basic research that went into the 
development of these methods. No effort is made to present historical material or 
to assign credit for particular procedures. 

There are over one thousand illustrations, and most are of fair quality. One 
gains the impression that the author has used most of the procedures tried, but this 
reviewer would have enjoyed a few more critical editorial comments. 

It is an excellent book for the medica] student or house officer interested in plas- 
tic surgery. It would be of considerable help to the general surgeon who is forced 
to do some plastic surgery. A final word of praise should be mentioned for 
the descriptive ability of the author. Many rather confusing techniques become 
very lucid under Dr. Barsky’s choice of wording. Altogether we have a most worth- 
while addition to the plastic literature. 

M. T. E. 


Essential Urology. By FLETCHER H. Cosy. 570 pp. $8.00. The Williams and Wil- 
kins Co., Baltimore, Maryland. 

This compact, well-written, single-volume textbook of urology is primarily for 
students. The title is appropriate. 

The material is organized in three parts: Part I concisely presents basic embryol- 
ogy of the urogenital tract in 90 pages. Use of clear, attractive line draw- 
ings and sketches is particularly helpful. Many standard and familiar illustrations 
have been adapted by Muriel McLatchie to the text, and the unity thus achieved 
is excellent. Part IT is an adequate brief 9 pages devoted to methods of examination. 
Part III is the meat of the book. The diseases of each of the urinary and genital 
organs are described in 11 chapters. There is a short chapter on male sterility. An 
important separate chapter is devoted to urogenital tuberculosis with good effect. 

The text is lucid and to the point in nearly every detail. The greatest emphasis 
is on pathology with good correlation between signs and symptoms and actual 
pathologic changes producing them. The important points of diagnosis are outlined. 
Only brief paragraphs are allotted to treatment in each case. The author, who is 
Chief of Urology at the Massachusetts General Hospital, recognizes the student’s 
need to understand clinical manifestations of disease in terms of pathogenesis. 

Good use is made of photographs of pathologic material, both gross and micro- 
scopic. Occasionally, as in the chapter on bladder tumors, some of the gross speci- 
mens are repetitious and might better be replaced by diagrams illustrating spread 
of the disease. Excellent discrimination is used in selection of pyelograms and other 
x-rays for illustration, and the reproductions of them are of good quality. 
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One of the best features, for the student, is the list of “essential” source refer- 
ences which follows each section. Most important papers germane to each subject 
are listed. Infrequently, as following the section on “lower nephron nephrosis” 
when Lucké’s work is omitted, an important paper is missed. The chapter on dis- 
eases of the prostate is particularly well-written, and discussion of the various types 
of prostatectomy is clearly a proper presentation of what the student should learn. 

This is probably the best modern text on urological fundamentals available to 
students in one volume. It is complete and not too formidable, authoritative but 
rarely didactic. It should go far to replace the classic but now out of print Hinman’s 
“Principles and Practice” in the affections of students struggling with “essentials” 
of everything they are taught in their third and fourth years. 

W. E. G. 
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